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INTRODUCTION 

SCOPE OF PRESENT WORK. This work is tiie outcome of several 
years of research into silvicultural problems at the Forest Research Institute, 
Dehra Dun, and at outlying experimental stations, combined with observa¬ 
tions recorded in many parts of India and Burma for a period extending over 
more than twenty years. My original intention was to publish, in the form 
of detached notes, only the results of my own investigations, confining my 
attention to a limited number of the more important forest trees. I was soon 
convinced, however, that a more useful purpose would be served by including 
all trees, whether of special importance or not, winch have received even 
slight study from a silvicultural point of view, adding to the results of my 
own investigations those recorded from time to time by others. Such a course 
will enable future workers who may undertake the study of any particular 
species of tree to ascertain what information is already available regarding it 
and to pursue their investigations along fresh lines. The importance of 
silvicultural research is now more fully realized in India than it was at one 
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very few exceptions they have been made from fresh, and not from dried' 
spe,cimons. The drawings have been executed by the artists of the Forest 
Research Institute at Dohra Dun, under my supervision. It should be men¬ 
tioned that seedlings exhibit great differences, due to the conditions under 
which^hey are grown, in the dimensions of their leaves, stems, and other parts, 
and it is thcrofore.diffienlt to give dimensions with any degree of accuracy; 
the dimensions given in the descriptions are taken from actual specimens 
examined, but they should not be regarded as defining absolutely the sizes of 
leaves and other parts of seedlings grown under all conditions. 

Although this work deals primarily with forest trees of the Indo-Burmese 
region, a certain number of exotics have also been included, more particularly 
those such as Eucalyptus spp., which are already grown to some extent in 
plantations or are otherwise of some interest. Indian species regarding which 
nothing is known sdviculturally have as a rule been omitted altogether. The 
arrangement ot genera and species according to botanical natural orders, 
which is adopted in tho present work, is to a great extent logical from a silvi¬ 
cultural point' of view, dor botanically allied species often exhibit silvicultural 
affinities m a marked degree. 

CONDUCT OF SILVICULTURAL RESEARCH AT DEHRA DUN 
AND ELSEWHERE. A preliminary study of the factors affecting the 
reproduction of trees and the growth and survival of seedlings was carried out 
by means of experimental plots at Debra Dun, where over 2,000 such plots 
were under observation at one time or another ; some of the Himalayan 
species were subsequently studied in experimental plots at Simla at an altitude 
ot 7,000 ft. Control plots were also maintained and kept under observation 
iij various forest tracts with the view of supplementing the preliminary plots 
at Delira Dun. The preliminary experimental plots were designed for the 
most part with tile object of ascertaining for each species the factors which 
affect germination, particularly under natural conditions, and those which 
influence the development and survival of the seedling ; such factors include 
temperature, moisture, light, soil-texture, soil-covering, &c., as well as 
animals, birds, and insects. In connexion with these preliminary experi¬ 
mental plots it must be emphasized that although useful, indeed essential, 
for tlio close study of the factors bearing on reproduction and other questions, 
they cannot be. regarded as the sole basis for general conclusions. The latter 
can bo formed only after further close study in the forest under the varying 
conditions met with in different localities : in connexion with such further 
study, however, the preliminary experimental plots have proved invaluable. 
Although Delira Dun is no doubt a favourable centre for the preliminary 
study of a large number of Indian species, and although I have in some respects 
had exceptional opportunities for studying the habits of forest trees in many 
di%rent localities, still local conditions vary to such an extent, even within 
comparatively narrow limits, that there is always scope for further study on 
tile spot; this will, it is hoped, dispel any idea that finality is claimed for the 
results recorded in this work, and that there is not abundant scope for further 
local study even in the case of those trees which have been somewhat fully 
dealt with. 

It may be of interest to describe briefly the forest vegetation and climatic 
' O 




eastern India, or Burma, among which are the following : 

Anonaceae, Miliusa velutina ; Malvaceae, Kydia cahycina, Bombax mala- 
borimm ; Stercuhaceae, Stercvlia villosa, Pterospermvm acmijoliimi ; Rutaceae, 
Aegle Marmdos ; Burseraceae, Garuga pinnata ; Meliaceae, Gedrela Toma ; 
Rhamnaceae, Zizyphus Jujnba, Z. Xylopyrus ■ Sapindaceae, ScUe.iche.ra 
trijuga; Anacardiaceae, Buchanania lalifolia. Semecarpus Anacardium, 
Mangifera indica (probably escaped from cultivation), Odina- Wodier, Spondias 
mangifera ; Legummosae, Dalbergta Stssoo, Ougevma dalbergwtdes. Erythrina 
suberosa, Butea frondosa -, Cassia Fistula, Bauhinia rcxernosa, B. malabarica, 
B. purpurea, B. variegata, Acacia Catechu, Albizzia odoralissima, A. procera, 
A. stipnlata ; Bhizophoraceae, Carallia lucida ; Combretaceae, TerminaUa 
belerica, T. Chebula, T. tomcnlosa, Auogeissus latifolia ; Myrtaceae, Eugenia 
Jambolana, B. operculata, Careya arborea ; Lythraceae, Lagarstroemia parviflora ; 
Samydaceae, Casearia glomerata, C. tomentosa ; Rubiaceae, Adina cordifolia. 
Stephegyne diversifolia, Hymenodictyon excelsum; Ebenaceae, Diospyros 
Embryopteris ; Apocynaceae, Carissa, spinarum, Alstonia scholaris, Holarrhena 
aniidysenterica, Wrightia tomentosa ; Boraginaceae, Cordia Myxa, Ekretia. 
laevis: Bignoniaceae, Oroxylwm indicum. Stereospermum suaveolens ; Ver- 
benaceae, Gindina arborea ; Lauraceae, IAtsaea sebifera, L. polyantha ■; Euphor- 
biaceae, Bridelia retusa. Phyllanthus Embhca. Bischoffia javanica- Trewia. 
nudifiora, Mallotns pMUppinensis ; Ulmacea*, Boloptdea integrijolia ; Moraceae, 
Ficus bengalensis, F. Rvmpltii, F. Cunia, F. glomerata, and other species ; 
Salicaceae, Salix tetrasperma. 

The typical sub-Hinralayan species Dalbergia Sissoo is abundant in 
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tomenlosa have recently been introduced and show some promise, 
e tender tropical trees, however, do not survive the winter cold at 
un. Meteorological statistics show that the normal rainfall at Debra 
srvatory, the mean of 33 years, is 85-22 in., distributed as follows : 1 


rows the monsoon climate typical of India as a whole, the great bulk 
rain falling during the period of the south-west monsoon.' The following 
temperatures recorded at Dehra Dun prior to 1903 may also be quoted : 2 

Absolute maximum.' 111-0“ F. 

Absolute minimum.33-9° F. 


Such is the locality in which most of the preliminary investigations into 
conditions affecting the reproduction and early life-history of the trees dealt 
with in this work were carried out. The species of the temperate Himalaya, 
however, form an important exception ; these were studied in detail in their 
own habitat. The more tender tropical species, again, have for the most part 
not yet been studied in any detail. 

CLIMATE OF INDIA. An appreciation of the climatic conditions 
prevailing in India is of such importance in connexion with the study of the 
various forest types met with and of their component species, that a brief 
sketch of these conditions will not be out- of place before we proceed to a con- 



of the two the former is by far the more important, bringing as it does about 
90 per cent, of the rainfall. Owing to the influence of the monsoon the 
year may, throughout the greater part of India, .be divided into a wet 
season from May-June to September-October and a dry season throughout 
1 Gilbert T. Walker, Monthly and Annual Rainfall Normabjjttem. Ind. Mjet. Dept. vol. rxii, 


o 









of May is characterized by frequent and often heavy showers of rain preceding 
the mdnsoon proper. 
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species. Trying thougli tiie hot season is, the vegetation nevertheless adapts 
itself to this annual period of heat and drought, the great majority of the 
deciduous trees shedding their leaves early in the season and remSining leafless 
during a part or the rvhole of it. Of greater importance is the rainy season, 
for it is the season which governs the rainfall, and therefoQ exercises a pre¬ 
dominating influence on the broad classification of climatic forest formations 
in India. Damage to forests by abnormal drought, which in certain years 
takes place on an'extensive scale, is due not to conditions prevailing in the 
regular hot weather months, but to failure of the monsoon rains. 

Temperature is another important factor which, in conjunction with 
rainfall and atmospheric humidity, determines the character of the (forest 
vegetation. Temperature readings by the Meteorological Department of 
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BRIEF SKETCH OF THE FOREST VEGETATION OF INDIA. From 
a silvicultural or oeeologieal point of view a mere description of the 
various types of forest met with in any region is in itself of small interest 
compared with a study of the factors which on the one hand affect their 
general distribution and on the other determine their origin in and their 
occupancy of any given locality. Consideration of these complex factors, 
however, will be much facilitated if we commence with a brief sketch of the 
forest vegetation of India, largely from a floristic point of view. In such 
a sketch it will be impossible to do more than give a rough idea of the main 
types of forest met with, and this can be done most conveniently according to 
geographical regions determined as far as possible by the character of the forest 
flora. For our purpose it will be convenientlfco recognize twelve different regions, 
namely, (1) the western Himalayan region, (2) the eastern Himalayan region, 
(3) the trans-Indus region, (4) the north-western dry region, (5) the Gangetic 
plain, (6) the west coast region, (7) the central Indian region, (8) the Deccan and 
Carnatic, (9) Assam, (10) Chittagong and Arakan, (11) Burma, (12) the Andamans. 

1. The western Himalayan region. This region* comprises the sub- 
Himalayan tract and the Himalayan range from Kumaun to Chitral. It is 
characterized by a rainfall varying for the most part from 40 to 80 in., though 
in some parts of the submontane tracts it reaches 100 in. or more, while in the 
inner valleys and towards the north-west frontier the climate is dry or even 
arid. This region is divisible into three zones of altitude: (a) the submontane 
zone and lower hills, up to about 5,000 ft.; ( b ) the temperate zone, from about 
5,000 to 11,000-12,000 ft.; (c) the alpine zone, from ll‘o00-12,000 ft. up to 
about 15,000 ft. 

(a) The submontane tract contains an almost continuous belt of sal 
forest running, with occasional breaks, throughout the eastern portion of the 
tract as far west as the Jumna, and to a very small extent beyond ; details of 
this sal belt, which extends into the sub-Himalayan valleys and ascends the 
outer hills in places, will be found under Shorea robusta. The sal belt is broken 
at intervals by savannah lands with scattered trees, chiefly Bulea frondosa 
and Botnbax maldbaricum , or by different types of forest, for instance (i) riverain 
forefc of Acacia Catechu and Dalbergia Sissoo (described under these species) 
(ii) swamp forests of Eugenia Jambolana , Diospyros Embryopteris, Albizzia 
procera, Ficus glomerata, Bischoffia jamnica. Pterospermuma cerifolinm, 
Gedrela Toma, Geltis australis, Trewia nudiflom, Putranjiva Roxburgh!!, Salix 
tetrasperma, and other trees, with the cane Calamus tenuis ; (iii) dry thorn 
forests of Zizyphus Jujuba, Z. Xylopyrus, Acacia Oatechu, and others; (iv) mixed 
deciduous forests containing Tenmnalia spp., Bomba-x malaba.neum, Lager- 
slroemia parviflora, Anogeissns labijolia, Stereosg i ok Phyllanthus 

Emblica, Adina cordifolia, Ougeinia dalbergioides, Odim IVodier, Hymenodictyon 
excelsum, Holoptelea integrifoUa, Cassia Fistula , and many other species.* 
These mixed forests ascend the outer hills to between 3,000 and 4,000 ft., the 
bamboo DendrocaJamus strictus occurring in great abundance in places on the 

Sapiurn intrigue, Engelhardtia spicata, Boehmeria rugnlosa, Pislacia integerrima, 
and Euphorbia Royleana make their appearance, while some of the trees of the 
lower elevations are no longer found : finally Pimm longijuUa appears, at first 
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scattered among otlicr sjiecics but soon forming extensive pure forests towards 
tile upper limit of this zone. In the western part of this region, in the Jhehun 
ami Rawalpindi districts and in the North West Frontier Province, the forest 
becomes drier in character, the prevailing species in the submontane tracts 
and outer hills being Acacia modesta, Olea cuspidata, Garissa spinarum, Dodonaea 
viscom, and other xerophytic species. 

° (b) The temperate zone, which begins at about 5,000 ft. and ascends to 



mixed deciduous forests of Terminalia spp., Lagerstroemia parviflora, Slerculia 
villosa, Bombax malabaricum, Duabanga sonneratioides, Anthocephalus Cadamba, 
Schima Wallichii, Gmdina arborea, Oedrela Toona, Albizzia procera, Frcm.no. 
Banhinia, Stercospermum, &c. ; (iv) moist savannah forests, consisting of 
stretches of tall savannah grasses, of which Saccharum prrgcerum is among the 
commonest, with scattered trees, among the chief of which are Albizzia procera., 
Bombax malabaricum.. and Bischoffia javanica .; (v) evergreen forests with 
a large number of species, among which .are Michelia Ckampaca, Schima 
VtaUichii, Arlocarpus Chaplasha, Dillenmindica, TaUwma Hodgsoni , Aesculus 
punduam, Amoora, Eugenia, Eckinocarpus, Eurya, Garcinia, Elaeocarpus, 
Cinnamomum C'ectdodaplme, Canarium sikkimense, and Ficus elastica, the last 
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named now rare ; there are numerous canes, climbers and evergreen shrubs 
forming a dense impenetrable undergrowth. 

In the outer hills sal, where present, occurs chiefly on the ridges, the 
intervening depressions and valleys being occupied by moist mixed forest in 
which the bamboo Denthocalamus IlamiUonii is often abundant. In the 
upper part of this zone .two characteristic trees, Betvla cylmdrostachys and 
Alnus nepalensis, make their appearance. 

(6) .The temperate zone, from 5,000 to 12,000 ft., majr be divided .into 
two belts: (i) the lower belt below 9,000 ft.., containing a large number of 
different broad-leaved species, including Quercus lamellosa, Q, lineata, Q. 
pachyphylla, and other oaks, Castanopsis, Michelia excelsa and other Magno- 
liaceae, Buckhmcha populnea, Cedrela, many laurels and maples, alder, birch, 
Pyrns, Symplocos, Echinocarpus, Elaeocarpus, Mdiosma, and Eurya. ; (ii) the 
upper hill forests, above 9,000 ft.., consisting for the most part of conifers, 
Abies Webbiana, Picea spmulosa, Lanx Chiffithu, Tsnqa Brunonicma, and two 
junipers, as well as numerous rhododendrons, dwarf willow, and other shrubs; 
the bamboo Arundnmria racemosa forms a dense growtjj in places. 

(c) The alpine zone, above 12,000 ft., is rich in rhododendrons, which 
ascend to 16,000. ft. ; the junipers of the upper temperate zone also extend 
high into this zone. 

. 3. The trans-Indus region. This region comprises the trans-Indus hills 
of the North West Frontier Province and Baluchistan. In the northern part 
of this region, extending southward as far as the Kurram valley, the forests 
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covered with Acacia arabica, Prompt* spicigera, Ikipulus euphmtiea, and 
Tovimix ; a description of (hose riverain forest* will be found tinder Acacia 
arabica. The natural forests of the dry plains of the Punjab, Sind, and Raj¬ 
put ana, where they have not been destroyed for cultivation, consist of Prosopis 
spicigera, Salmdora okoid.es, and Capparit aphylla, forming a very open growth. 
These species rapidly disappear with the extension of irrigation, their place 
being taken by such trees as Acacia arabica, Albizzia Lebbek, Dalbergia Sissoo, 
and others which' have escaped from cultivation. To the south-east of this 
region lie the Aravalli hills and their outliers, commencing with a few isolated 
rocky hills in the south-east of the Punjab. Here the desert flora of the dry 
plains gives place to dry and somewhat open types of forest consisting in 
places almost entirely of Anogeissus pend via. Other characteristic species of 
these hills and the adjacent tracts are Boswellia serrata, Sterculia u%ens, Grewia 
salmfolia, G. pilosa , Balanites Roxburgh!, Acacia Senegal, A. leucophloea, 
A. Jacquenionti, A. Catechu, Dichrostachys cinerea, Balsamodmdron Mnkul, 
Zizyphus nummularia, and Euphorbia Nimilia. These forests are for the most 
part typical thorn foiigsts. 

o. 'l'he Gangetic plain. The great bulk of the Gangetic plain is a culti¬ 
vated tract : the forests, where they exist, are of widely, different types. 
The extreme .south-west of this region borders on the Aravalli hills, and the 
forest vegetation is of the type just described. The ravine country south 
ef the Jumna contains open thorn forest of Acacia arabica, A. leucophloea, 
and other species. The two most important forest tracts of this region are 
the sal forests of Oudh and the littoral and tidal forests of th&-§undarbans. 
The Oudh sal forests, as they exist now, are probably mere remnants of the 
great sub-Himalayan sal belt, which at one time covered a much larger area 
'than it does at present and stretched for some distance into the plains; strictly 
speaking they can hardly be differentiated from the sub-Himalayan tdrai 
forests. These forests are described under Shorea robusta. The Sundarbans 
form an extensive forest tract occupying a flat plain of recent alluvial origin, 
and still in process of formation, in the southern portion of the Gangetic delta 
bordering on the Bay of Bengal. The chief species in this tract are Herjtiera 
Pomes, Excaecaria Agallocha, Sonneratia apetala, S. acida, Carapa moluccemiis, 
C. obovata, Amoora cucullala, Aegiceras majus, Cynometra ramijl&ra, Avicennia 
officinalis and the mangroves Ceriops Candolleana, G. Roxburghiana, Kandelia 
Sheedii, Rhizophma nmcronata., and Brngniera gymnorhiza. Further parti¬ 
culars regarding these forests will be found under Beritiera Fames and Rhizo- 

C. The west coast region. This region, which is one of heavy rainfall, 
comprises the excessively humid belt of mountaippus country running parallel 
to the west coast of the Indian Peninsula from the south of Guzerat to Cape 
Comorin, together with the low country between the mountains and the coast. 
Owing to a gap separating the mountains of Travancore from those to the 
north of them the flora of this region is carried some distance across the Penin¬ 
sula at this point. Broadly speaking the forests of this region may be divided 
into three main types: (a) tropical evergreen or rain forests, ( b ) mixed deciduous 
or monsoon forests, and (c) subtropical or temperate evergreen forests of the 
Nilgiris and other mountains of southern India. ■ 
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(o) The tropical evergreen or rain forests are characterized by the great 
luxuriance of their vegetation, which consists of several tiers, the highest 
containing lofty trees, often with buttressed bases, reaching a height of 150 ft. 
or more, and the'lowest consisting of a dense shrubby evergreen undergrowth. 
The intermediate tiers consist mainly of evergreen trees crowded together and 
struggling for light. There is a luxuriant growth of climbers, while the trees 
are covered with numerous epiphytes. The rain forests of the west coast 
region are found mainly from North Kanara southwards : much of the forest, 
however, has been either destroyed by shifting cultivation or cut up by spice 
and betel-palm gardens, or in the south by rubber plantations. Among the - 
trees of the evergreen forests are Dipterocarpus indicns, Hopea parviflora , 
H. Wightiana, Galophylhmt. lomentosvm, Cullenia excelm, Dichopsis elliptica, 
Dysoxylum malabaricum, Cedrda Toona, Valeria indica, Ganarium strictum, 
Tetmmeles nvdifiora, Mesua ferrea, Mangifera indica, Stercnlia alata, Aria- 
carpus hirsulff, A. inlegrifolia, A. Lakoocha, Acrocarpus fraxmifolius, Hydno- 
carpus Wightiana, and many Myristicaceae and Lauraceae. 

(6) The mixed deciduous or monsoon forests are,* composed mainly of 
deciduous trees, which are more or less leafless for a considerable portion of 
the dry hot season from December to May or June. These forests are rich in 
woody climbers, but. are not so dense as the evergreen forests, nor do they 
contain such lofty trees. They occur in different parts of this region, but are 
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A-nncard'nnn onidentale. Salvadora pemca, Erythriua indim, Fume lomentosa, 
mid Pongamia glabra, -, (iii) dwarf forests of a montane type, but containing 
species characteristic of low elevations, such as Eugenia Jambolana and others, 
at 4,500 ft. on the laterjte of the Mahableshwar plateau where the rainfall is 
over 300 in.; (iv) tree or bush forests of the Nilgiri and other south Indian hills 
in drier localities than those occupied by the sholas, with such species as 
Rhododendron arborenm, Vaccmmm Lesehenaultii, and Gaultheria fragruntissima. 

Apart from the forest tracts, the upper parts of the Nilgiri and other south 
Indian hills are characterized by the presence of expanses of open undulating 
grassland Exotic trees have been introduced very successfully on these hills, 
particularly cucalypts and Australian acacias (see under Eucalyptus and 
Acacia). 

7. The central Indian region. This region comprises the country between 
the Gangetic plain on the north and the Godavari river on tfje south, and 
includes the whole of the Central Provinces, Chota Nagpur, Orissa and the 
Circars. Khandesh. the southern part of Guzerat, and the greater part of 
the Central India States. Within this region fall the two great hill ranges of 
central India, the Vimlhya and Satpura hills. The rainfall varies from 25 to 
85 inches, except that the latter is exceeded on the plateaux of Pachmarhi and 
Chikalda. The great bulk of the forests m this region consist cither of (a) mixed 
deciduous forests of a type which is virtually a dry form of monsoon forest, or 
(6) sal forests, or (c) thorn forests. The distribution of these types is deter¬ 
mined partly by climatic conditions, but also to a considerable extent by soil 

(a) The mixed deciduous forests vary in compof-itlbn, but .he prevailing 
trees are Tectona grandis, Terminalia lomentosa, T. belerica, T. Chebula, 
Anogeissus lullfolia, Lagerstroemia parvijlora, Pterocarpus Marsupium, Dal- 
bergta lahioha, Ongenna dalbergioida, Cassia Fistula, Acacia Catechu, Butea 
Jrondosa, Adtna cordijolia, Stephegyne diversifolia, Bridelia return, Phyllantlms 
Embhrn , CUistanthus coUinus, Diospyros Melanoxylon, Bassia latifolia, Snymida 
j'ebriftiga, Sclmbera swieteni aides, Chloroxylon Swietenia, Odina Wodier, 
Buchanama latijolia, Scldeichera tnjuga, and various other trees ; the pre¬ 
vailing bamboo is Bendroealamus strictus. On ridges and in other dry situa¬ 
tions the forest is often of a special kind in which Boswellia serrata, Sterculia 
mens, and Cocldospermuut Cossypmm are the chief species. In the moister 
types of forest to the south-east of this region Xylia xylocarpa becomes common. 
As a general rule the mixed deciduous forests of this region do not pontain 
trees of large dimensions, and compare unfavourably in this respect with the 
mixed deciduous forests of the west coast or of Burma, in the more favourable 
localities, as in moist ravines and on deep fertile soil, forest of very fair quality 
is produced, but over a considerable portion of the region the forest is of 
a dry type often merging into thorn forest. Teak trees of small size are very 
plentiful in places. There are various special types of mixed deciduous forest 
in this region, one of the most notable being the anjan {Hardmckia binata) 
type found either on trap or on sandy and gravelly soil overlying granite, 
schist, quartzite, conglomerate, or sandstone (see under Hardwickia binata). 
In parts of Central India Anogeissus pendula grows gregariously, forming 
o special type of forest. Some of the drier affd'more open types of mixed 
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typical associates being Pterooarpus Marmpium, Hardwickia binata, Dalbergia 
lalifolia. Acacia hncophloea, Albizzia odorahssima , ChloroxyUm Swietema, 
Terminals Ohebula, and Anogcissus latifolia. (iii) The most important sandal¬ 
wood (Santalnm album) areas are found in the uplands of Mysore, Coorg, and 
parts of Madras,, chiefly in Coimbatore, Salem, the Nilgiris, and North Arcot. 
The sandalwood grows in open scrub forests on well-drained stony or gravelly 
soil or red ferruginous loam (see under Santalnm alburn), (iv) Sheffm forests 
of this sub-region are represented by two separate species, S. Tumbuggaia and 

S. Talura, each with a limited distribution ; the former occurs in compara¬ 
tively dry situations and somewhat resembles the sal in habit, while 3. Talura 
is found more in damp ravines, and extends into the west coast region, (v) A 
special type of thorn forest is found in the extreme south of the Peninsula 
in the Madura and Tinnevelly districts, where the country is sheltered from 
the monsoon by the Palni hills and the hills of Ceylon, and is gery hot and 
arid : here is found an open xerophilous woodland consisting largely of Acacia 
planifrons, with its spreading umbrella-shaped crown, and thickets of the' 
thorny A. Latronnm.. c 

( b ) The Carnatic sub-region contains, besides a certain extent of forest of 
the Deccan type, another type which may be termed dry evergreen, in which 
the chief species include Mimusops hexandra, M. Elengi, Diospyros Ebennm, 
Strychnos Nux-vomica, Eugenia spp., Pterospermum suberifolium. P. Heyneamim, 
Memeajlon edide, and GUoroxylon Swietenia. Although the trees are not of 
large dimensions the forests where carefully preserved are dense, but many 
of them through over-felling have been reduced to the condition of thorny 
thickets of Bandia, Canthium, Dichrostachys, Flacourt^ and Zizyphus. Man¬ 
grove forests occur at the mouths of the rivers, while on the sand near the sea 
t'ne palm Phoenix fanmfera and the grass Spmifex squarrosns form dense 
thickets. Successful casuarina plantations have been formed along the coast 

8. Assam. The Assam region outside the sub-Himalayan tract, which 
forms part of the eastern Himalayan region, comprises the Brahmaputra and 
Surma valleys together with the intervening hill ranges (the Garo, Khasi, and 
Jaintia hills) and the Naga, Manipur, and Lushai hills on the eastern and south¬ 
eastern frontiers of Assam. Over the greater part of this region the rainfall 
exceeds 80 in., while Cherrapunji in the Khasi hills, with a normal rainfall of 
460 in., is one of the rainiest spots in the world. In part of the Nowgong 
district the rainfall is as low as 45 in., but this is exceptionally dry for this 
region. The vegetation, as might be expected, is luxuriant. The valleys, 
where not under tea or agricultural crops, are clothed with expanses of tall- 
savannah grass or with dense forest often of an evergreen type. Among the 
more characteristic species of the valleys and lower hills are Mesua ferrea, 
Artocarpus Chaplasha, Michelia Champaca, Lagerstroemia Flos - Beginae , 
Amoora WaUichii, Yatica lanceaefolia, Alstonia scholaris, Ginnamomum 
Cecidodaphne, Dillenia indica, Dysoxylum binectariferum, Garcinia spp., 
Eugenia spp., Carallia hicida, Baccaurea sapida, Aquilaria Agallocha, Sterculia 
alata, Cedrela Toona, Galina arborea, Moras laevigata, Stereospermum chelo- 
noides. Ficus elastica and many other species of Ficus, Terminalia citrina, 

T. myriocurpa, and many other trees. There aWtvarious bamboos, of which 
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perhaps the commonest is Dendromlamns 
a dense impenetrable undergrowth of canes. 
Among the more typical trees.in riverain area 
javanica, Bombax malabaricwm, Anthocephalus i 
and Lagerstroemia, Plos-Reginae. South of the 
in the Garo lulls and in the Kamrup district. 

The hill forests of the Assam region appr 
eastern Himalayan region, except that there 
forests may Ik separated broadly into ever; 
pine forests. The former include species of . 
Acer, Primus, Pyrus, Pirns ovaJifolm, Rhod 
populnea, Alims nepalensis, Betulaalnoides, Cm 
of Quercus. The pine forests occur-at olevatio 
larly at 4,000-4,500 ft., and ore composed of 
Shifting cultivation has destroyed much of the 
•hills. The lull-tops of the Assam region, like 
grasslands with trees and shrubs identical wii 
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with a rainfall of 120 ill. or more, comprises Termrserim and Martaban with 
the country cast of the Sittang river up to about 19° N. 1st. and perhaps in 
part also the Salween drainage farther north ; also probably the far north of 
Upper Burma. If Arakan were included with Burma it would fall into this 
zone. The forests are mainly of the tropical evergreen type, but deciduous 
forests also occur to some extent, particularly where the rainfall is less than 
150 in. B. The medial zone, with a rainfall of 40 to 120 in., comprises the 
greater part of Pegu and of Upper Burma outside the dry zone on the one 
hand and the humid tracts of the far north on the other. The dominant type 
of forest is the, mixed deciduous type, otherwise termed monsoon forest, 
though tropical evergreen forests, sometimes of considerable extent, are also 

lulls. The deciduous forests of this zone are, economically speaking, the mo6t 
important in the province, in that they are the home of the teak and many 
other valuable timber trees. C. The dry zone, with a rainfall of less than 
40 in., comprises the dry tract occupying the centre of the southern part of 
Upper Burma and extending into the Thayetmyo district, of Lower Burma. 
In the driest parts of this zone the normal rainfall is only slightly over 20 in. 
The dominant type of forest is open thorn scrub. 

Kui-z, in his Preliminary Report on the Forest and other Vegetation of Pegu, 
1875, and in the introduction to his Forest Flora of British Burma, 1877, has 
described in some detail the forests of what is now known as Lower Burma, 
and most of the types recognized by him apply to the whole province as now 
constituted. In bis 'Preliminary Report lie classified the forests of British 
Burma, as it then was, into seven main types and a number of sub- 
types. In his Forest Flora he reclassified them into eight main types, 
namely, A. Evergreen forests—I littoral, II swamp. 111 tropical, IV hill 
forests; B. Deciduous forests—V open, VI dry, VII t mixed, VIII dime 

A classification of the forests of Burma is by no means easy, for although 
there is little difficulty in recognizing several well-marked types these often 
tend to merge into each other, and the border line is not always easy to deter¬ 
mine. The following classification may be adopted here for brief descriptive 
purposes : (a) Tidal forests, (b ) beach and dune forests, (c) swamp forests, 
(d) tropical evergreen or rain forgsts, (e) dry evergreen forests, (/) subtropical or 
temperate evergreen forests, (g) mixed deciduous forests, ( h ) deciduous diptero- 
earp forests, (j) thorn forests. There are various types of savannah forest, 
but they may be included in one or other of these main classes, into which 
they usually merge. 

(a) Tidal forests comprise (i) mangrove forests on low alluvial flats within 
tidal limits at the mouths of the rivers, which contain true mangroves of the 
genera Rhizophora, Geriops, Kandelia, and Bruguiera, together with species of 
other genera characteristic of this formation, such as Garapa, bumnitzera, 
Sonmratia, Aegiceras, and .dvtcenma, together with the gregarious palm Nipa 
fmtico.ns (see under Rhizophoraoeae); (ii) forests farther inland on ground 
inundated only by spring tides, containing such species as Iferitiera Femes, 
Pongamia glabra, Erythrina spp., Exeaecaria Agallocha, Thespesia populnea, 
some of the species of the mangrove forests, and the palm Phoenix 
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Burma, which begin at about 3,000 to 3,500 ft., closely resemble those of 
Assam in the character of their forest vegetation, which is essentially ever¬ 
green. They are roughly divisible into moist and dry broad-leaved forests 
and pine forests. The moist evergreen forests, which occur mainly from 
3,000 to 6,000 ft., are of a subtropical or warm temperate character, and are 
typical rain forests ; they are damp, with lofty trees and luxuriant vegetation, 
resembling tlie tropical evergreen forests except that the prevailing species are 
different. The most characteristic trees of these forests are various species of 
Quereus, Castanopsis, Eugenia, and Ficus, some Magnoliaceae, many Lauraceae, 
Ilex. Ternstroemia japonica. Bucklandia populnea, Oslodes panicuiata, and 
■others. There is often a dense undergrowth of shrubs, climbers, and herbaceous 
plants, and the ground is sometimes covered with Strobilanthes. Grass is 
rarely found as a soil-covering. 

In the drier hill forests the trees are not so tall as those of the damp hill 
forests, and at the higher elevations they become stunted, with low rounded 
crowns and short boles, forming the type known as elfin-wood. The vegeta¬ 
tion of the drier hill forests is less luxuriant than that of the moist forests, 
and the climbers are neither so numerous nor so large. There is an under¬ 
growth of shrubs and often of bracken fern (Pteris aquilina), or a soil-covering 
of grass where the crop is open. These forests are composed of various species 
of Quereus and Castanopsis. with Eurya. Schtma Wallichii and 8. Noronhae, 
Ternslroemia japonica, Bucklandia populnea, Alnus nepalensis, several 
Lauraceae and many Ericaceae, including species of Agapeles and Vaccinium, 
Rhododendron arboreum and other species, Gaulthena fragrantissima, and 
Pieris ovalifolia. 

The pine forests (Pinus Khasya) are found for the most part at elevations 
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forma of mixed deciduous forest may be distinguished, but for our purpose it 
W U[ be sufficient to distinguish three main forms: (i) upper mixed forests, (ii) 
lower mixed forests, and (iii) dry mixed forests. The terms upper and lower 
mixed forests are those employed by Kurz in his description of the forest 
vegetation of Pegu, and are well understood locally : a somewhat more 
detailed description of them than is given here will Ire found under Tectona 
gmndis. 

(i) Upper mixed forests are situated on well-drained hilly or undulating 
ground, ai^ are usually characterized by the presence of bamboos in quantity. 
Two maiiraub-types are distinguishable, namely moist and dry mixed forest, 
these being determined largely by the species of bamboo present. In the 
Pegu Yoma the typical bamboo of the moist forests is Bambusa polymorpha, 
with Gephalostachyum pergmcile m its more luxuriant form • in the more 
northerly parts of Upper Burma B. polymorpha is replaced by Dendrocalamus 
Brandisii, D. Hamihonii, D. membra-na-ceus, and other bfmboos. The pre¬ 
vailing bamboo of the dry mixed forests is Dendrocalamus strictus, hut Gepha¬ 
lostachyum pergmcile in somewhat stunted form extends into fairly dry forest; 
Thyrsostachys Oliveri in Upper Burma is somewhat similar in habit to Gepha- , 
lostachyum, though if anything it frequents rather drier forest. Bambusa 
Tulda extends into dry as well as moist forest. Many of the tree species are 
common to both dry and moist forest, though as a general rule their growth is 

1 superior in the latter. Among these species are Tectona- gmndis, Xylia dola- 
briformis, Terminalia tomentosa-, T. belerica, Hthna-lium tomentosum, Adina 
cordifolta, A. sessihfoha. Stepheqyne diversifoha. Bombax msigne. Omehna. 
arborea, Berrya Ammonitta, Vitex glabrata, Odina Wodier, Anogeissns acuminata, 
and Spondias mangifera. More characteristic of the moister forests are 
Dipterocarpus ala-lus, La-gerstroemia Flos-Beginae, and L. tomentosa., while ’ 
in the drier types AcaciaVatechu, Pterocarpus macrocarpus, Termina-lia Ghebula, 
Pentacme sua-vis, and other species make their appearance. A special form of 
dry forest, containing few or no bamboos, is that known in the Pegu Yoma as 
ihiikyin, in which the characteristic trees are teak, Xylia, Terminalia. tomentosa, 

.Homalium tomentosum, and Lagerstroemia- Flos-Reginae, with an undergrowth 
often consisting of thorny twiners : there is sometimes a dense advance growth 

(ii) Lower mixed forests occur on flat alluvial ground, and are character¬ 
ized generally by the scarcity or absence of bamboos. Teak occurs in well- 
drained areas, and is sometimes very plentiful, attaining l;^rge dimensions. 
Xylia dolabriformis likewise occurs only on well-drained areas. Lower mixed 
forests vary greatly in character and composition. Among the commoner trees 
of the more typical lower mixed forests, besides the two mentioned, are Lager¬ 
stroemia Flos-Reginae, L. tomentosa, Dipterocarpus ala-tus, Termina-lia tomentosa, 
T. belerica, T. Ghebula, Adina cordifolia, A. sessilijolia, Stcphegyne d-ivcrsifoKa, 
Odina Wodier, Careya arborea, Dillenia pentagyna, Dalbergia eultra-ta, D. pur¬ 
purea, and Anogeissns acuminata. Where these forests become open owing 
to excessive felling, severe fires, or inundation, they become savannah forests, 





tomentosa, T. OliveA, Tectona Hamiltonians, Pentacme suavis, Shorea obtusa, 
Phyllanthus Emblica,, Acacia Catechu, Pterocarpus macrocarpus, Millettia spp., 
Dalbergia Ohven (local), D. cultrataCassia renigera, Bauhinia variegata, 
B. racemosa, Diospyros burmanica-, and sometimes stunted teak and Xylia 
dolabriformis. 

{h) Tile deciduous (lipterocarp forests of Burma, locally known as indaing, 
are a characteristic feature of the forest vegetation of the province, and cover 
large areas. They are found most commonly on laterite, but occur also on 
sandy and gravelly soil or on gravelly clay. In the normal type of indaing the 
dominant suedes is Dipterocarpus luberculatns, which grows gregariously, and 
with it are associated Pentacme suavis, Shorea obtusa, Melanorrhoea usitata, 
Buchana-nia lalifolia, Diospyros burmanica, and other trees characteristic of 
this type of forest. The forest is usually of a somewhat open type, and there 
is frequently a soil-covering of grass, with shrubs such as Jndigofera, Plemingia, 
Desmodium, and others, or stretches of the dwarf palm Phoenix acaulis. 
Open indaing forest is of the true savannah type. A form of indaing in which 
Dipterocarpus tuberculatus is absent is that which occurs frequently on ridges 
and in other dry localities ; here the dominant species is ingyin (Pentacme 
suavis), which is frequently associated with Shorea obtusa and other trees 
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evergreen forests, but in t.lie Noutli and Middle Andamans their distribution is 
also determined by the geological formation, since they are found aln©st 
entirely on metamorphosed and indurated clay and shale, conglomerate, 
quartzite, limestone, and hard coarse-grained sandstone. On hot southerly 
slopes these forests become typically deciduous, but elsewhere they are 
commonly of a semi-evergreen character. The most important timber tree of 
these forests is the padauk (Pterocarpus dalbergioides), and with it are found 
Lagerstroemia hypoleuca, Terminalia bialata, T. Mannii, Albizzia Lebbek, 
Bombax insigne , Odina Wodier, Sterculia spp., Careya arborea, and Adenantkera 
.pavonine, , as well as many of the trees of the evergreen forests. The under¬ 
growth consists mainly of shade-bearing shrubs and small trees, with some 
palms and canes, but it is not so dense and impenetrable as in the evergreen 

(e) The diluvial forests occur on diluvial deposits of deep sandy soil 
lying between the mangrove forests and the hills. They contain trees of both 
the evergreen and semi-evergreen types, including Dipterocarpvs spp., Lager- 
atroemia hypoleuca,. Bdmbax mstgne, Termmalia bialata , T. Gatappa, Sterculia 
a-lata, and Pterocarpus dalbergioides. There is a dense impenetrable undergrowth 
of climbing bamboo, canes, and creepers, but as the mangrove swamps are 
approached the bamboos and canes disappear and the undergrowth consists 
largely of palms such as Phoenix pa.hulosa, Licuala, and Areca triandra, while 
littoral species of trees such as Heritiera littomlis and Cynometra ramiflora make 

OECOLOGICAL FACTORS AND CLASSIFICATION IN RELATION 
TO INDIAN FORESTS. The foregoing brief account of the forest vegeta¬ 
tion of India is sufficient to indicate that the various types of forest may be due 
primarily either to climatic or to edaphic factors, the latter term denoting 
factors connected with the soil as apart from the climate. It is now generally 
accepted by plant-geographers that the differentiation in the earth’s vegeta¬ 
tion is controlled by three main factors, temperature, atmospheric precipitation 
(including winds, which are desiccating agents), and soil: temperature and 
climatic humidity determine the flora and the vegetation, while changes of 
soil produce changes in the plant communities from place to place over areas 
of greater or less extent where the climate remains unchanged. Climatic 
and edaphic factors, however, cannot be considered separately in examining 
plant communities, which are the result of a combination of both. Climate is 
responsible for wide differences in the forest vegetation, such for instance as, 
exist between the semi-desert flora of the north-western dry region and the 
tropical evergreen forest flora of the west coast of India, or between the latter 
and the temperate evergreen forest of high altitudes ; the dominating factor 
in the former case is rainfall and in the latter temperature. Climate, however, 
is not responsible for the marked differences in plant communities which are so 
frequently observed in adjacent regions where the climatic <0iditions are 
identical. Take for instance the sharp line of division between the sal and teak 
forests of the Indian Peninsula, or the occurrence in Burma of that distinctive 
type of dipterocarp forest known as induing, which is found .over areas of 
greater or less extent alternating with mixed deciduous or evergreen forest, or 
the prevalence of mangrove forests on mud flats within tidal limits. In these 
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three instances edaphio factors predominate in determining the character of 
ttt plant communities. 

The various forest types of India can generally be referred to one or other 
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Knin foil-si is flic evergreen forest characteristic of warm tropical regions 
witli a heavy rainfall ami high atmospheric humidity. The rainfall is at kfat 
200 rm (about 80 in ), hul. is often much greater. The dry season is usually Q 
not prolonged or where there is a prolonged dry season this forest occupies 
moist situations The vegetation is luxuriant, the forest often consisting of 
two 0" more tiers, the trees of the highest tier being at least 100 ft. high and 
often much taller. The species are very numerous, and are chiefly or entirely 
evergreen • gregariousness is strikingly absent. Many of the trees have plank 
buttresses at the base : they have as a rule comparatively thin smooth bark 
and are onlv sparingly branched. The leaves are of very diverse forms, often 
firm leathery and glossy, seldom finely pinnate or with a thick covering of 
hairs The forest is rich m thick-stemmed climbers, climbing palms, and 
woody as well as herbaceous epiphytes. Tropical rain forest is well developed 
on the west coast, in the moister parts of Burma, in Chittagong, Arakan, the 
Andamans, and the eastern sub-Himalavan tract and lower hills. 

Monsoon forest occurs ill regions where the rainfall exceeds 180 cm. 
(about 70 in.) but whete there is a prolonged dry season. The forest is more or 
less leafless during the dry season ; the trees are tropophilous in character and 
usually less lofty than in rain forest. This forest is rich'in woody climbers and 
herbaceous epiphytes, but poor in woody epiphytes. The typical monsoon 
. forest of Sohimper’s definition comprises the moister and more luxuriant forms 
of mixed deciduous forest which are well developed in the west coast region, 
in the moister parts of the sub-Himalayan tract, and in Assam, Chittagong, 
Arakan, Burma, and the Andamans. In the Indian region, however, monsoon 
forest- answering the description in every respect occurs in regions with a rain¬ 
fall of not more than 50 in., and perhaps as low as 40 in. ; such forest is well 
developed in the sub-Himalayan tract east of the Jumna, as well as in parts 
of Chota Nagpur, Orissa, the Central Provinces, the Circars, and other localities. 

Savannah forest is more or less leafless during the dry season, rarely 
evergreen : it is open and park-like in appearance, very poor in undergrowth, 
climbers, or epiphytes, and rich in terrestrial herbs, especially grasses. The 
trees are xerophilous in character and are usually less, often much less, than 
05 ft. High.. This formation comprises many different types of forest in India, 
including the opener types of mixed deciduous forest in the Peninsula, the sub- 
Himalayan tract-, and Burma, as well as open grassy types of sal forest- and of 
Burmese induing forest. 

Thorn forest- is similar to savannah forest as regards foliage and height of 
trees, but is more xerophilous. Thorny plants are always plentiful; the 
forest is rich in underwood and slender-stemmed climbers, but poor in ter¬ 
restrial herbs, while epiphytes are usually absent.. Thom forest is well developed 
in the drier parts of the Indian Peninsula and the sub-Himalayan tract, in the 
semi-desert regions of north-western India, and in the dry zone of Upper 

Among tile tropical woodland formations of minor importance may be 
mentioned the xerophytic evergreen bush forest of the Carrfktic region : this 
formation is characteristic of localities where' the rainfall is small but where 
there is no prolonged dry season. 

At temperate elevations climatic, formations of a different kind are met 
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Cale.clm in northern Judin apjioar to owe their existence not so mttch to the 
presence of water in the soil as to the favourable conditions ior the germination 
of flic seed and the development of the young plants which are met with in 
these 0 )ien riverain tracts ; these conditions are loose porous soil, complete 
exposure to light, and absence of heavy weed-growth. This is apparent from 
the fact that these species thrive well in these regions away from rivers, and 
spring up readily, even in comparatively dry tracts, provided conditions for 
germination and development arc suitable. Swamp forests are due to the 
presence of water, often more or less stagnant and lying in depressions on an 
impermeable soil. The mangrove formation of tropical littoral regions is a 

There are many edaphic formations in which water is the deciding factor, 
but where this factor is not obvious at first sight because it is governed by the 
mechanical texture of the rockand subsoil. In hill regions variations in the forest 
formation are observable with changes of aspect and configuration, where the 
underlying rock does not change; the more xerophilous species occupy the hotter 
aspects and the drier cadges, while the more hygrophilous species occupy the 
cooler aspects and moistcr depressions. Soil-moisture, as affected by aspect and 
configuration, is thus an important factor in determining the forest formation, 
but it may induce other important factors, such as a luxuriant growth of weeds 
in the moistcr localities, producing a struggle for existence which favours the 
establishment of certain species against others. The nature of the underlying 
rock and of the soil and subsoil is often found to have a very decided influence 
on tiie forest vegetation, but investigation will often, if not in most- cases, show 
that its capacity for absorbing and retaining moisture is the dominant factor 
which influences the forest vegetation. 

In the region of the sal (Shorea robvsta) the presence of this important 
gregarious tree, is determined to a great extent by the hygroscopicity of the 
soil. In the sub-Himalayan tract it is invariably absent from the recent sand 
and shingle of dry river-beds as well as from swampy ground, while on loamy 
soils it becomes the dominant, tree over large tracts. In the Indian Peninsula 
it is found on various geological formations, but is almost, entirely absent from 
the Deccan trap, where its place is taken by the teak ; the soil overlying this 
rock is usually shallow, and in the dry season the amount of moisture retained 
in the soil and subsoil is insufficient for the survival' of the sal. In a compara¬ 
tively dry climate or situation, this species may be absent from a geological 
formation which it frequents in a moist climate or situation, and this applies 
to many other species. 

In the. South and Middle Andaman islands the relative distribution of 
evergreen forest and semi-deciduous padauk-bearing forest appears to be de¬ 
termined largely by the geological formation. The form# occurs almost 
entirely on grey, usually soft, non-calcareous micaceous sandstone, while the 
latter is found chiefly on indurated clay and shale, conglomerate, crystalline 
limestone, and hard, coarse, often metamorphosed sandstone. 

In the western Himalaya Pinus longifolia, a xerophytie species, is fre¬ 
quently found on quartzite, whiehis too dry to support the majorityof species, and 
the presence of this rock in some localities determines the prevalence of the pine. 

Laterite is an important geological formation in the Indian region, and 




auricvlata, Dichrostachys cinerea -, BaJanites lioxbm-ghii. TerminaHa tomentoso., 
Zizyplms Jujnba. Soyimda febrifuga, and among introduced species Albizzia 
Lebbek and Azadirachta indica. Teak in stunted form is sometimes found on 
this soil. When closed to grazing black cotton soil produces a heavy crop of 
grass, chiefly species of Eragrostis and Paspalum. 

Calcareous soils are met with in various forms. Limestone lock usually 
has poor water-absorbing properties, particularly if it is weathered and has 
little depth of soil over it; in dry localities such rock supports xerophilous 
types of vegetation. The same applies to fine-grained calcareous ^soils 

and the climate is moist, the vegetation becomes hygrophilous. Wanning 1 
points out that although the characteristics of the lime flora are clear and 
distinct the influence of lime upon vegetation has lieen over-estimated. He 


notes that it has been definitely established that the amount of lime in itself, 
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in the flora., for not, only can calcieolou6 plants be cultivated in a soil poor in 
June, but silicicolouH plants can grow vigorously in pure lime-water if the 
aqueous solution be otherwise poor in dissolved salts ; lime soils as 6 rale 
arc rich insoluble mineral substances, and this excludes plants characteristic 
of minerally poor soils. It may be noted here that Cupreema toruhea, which 
is characteristic of limestone legions in the Himalaya, gfows well when 
planted in ordinary loam on other geological formations. Pinua longifolia, 
on the other hand, may be regarded as essentially silicicolous, flourishing best 
on sandy soils, but nevertheless it grows naturally on hard limestone rocks 
in the outer hills of Hazara, although owing to the physical characters o^he 
rock the growth is poor except on northerly slopes where there is some depth 
of soil; that limestone is not unfavourable to Pinna longifolia provided 
the rock is not hard and the overlying soil is not shallow, is evident from the 
fact that the tree grows well in parts of the Kumaun hills on limestone where 
the rock is sufficiently soft and the soil is not too shallow. 

Pans of concretionary lime, often mixed with clay, known as kankar, 
are of common occurrence in India, and are particularly unfavourable to 
forest growth, the lime forming a hard solid mass resembling masonry, and by 
its physical condition preventing the free development of the roots of trees ; 
the forest vegetation is of an open, stunted, and xerophytic character. Cal¬ 
careous tufa is found occasionally in the sub-Himalayan tract in the form of 
moderately hard deposits not far beneath the surface, and here again the 
forest vegetation becomes open and stunted ; Bombax malabaricum and 
Hymenodtctyon excelsum are often characteristic species, while Shorea robusta , 
winch may be abundant in the neighbourhood, avoids ground where these 
deposits are at all superficial. 0 

Saline soils, other than those due to proximity to the gea, are character¬ 
istic of regions of high summer temperature combined with deficient rainfall. 
In the dry season moisture evaporates from the surface layers of the soil, 
and in time there forms an accumulation of saline substances which the scanty 
rainfall is insufficient to remove, while the saline solutions in the lower layers 
of the soil ascend by capillarity, forming on evaporation a whitish alkaline 
efflorescence on the surface of the ground. Salts may be produced by the 
decomposition of rock minerals in situ or may be transported from a distance 
ill solution. The degree of salinity is particularly high in heavy clay soils 
where the drainage is bad and there is little percolation, or in places where an 
impervious layer in the subsoiloprevents free drainage ; in well-drained porous 
soil the salts are removed in solution. As the degree of salinity of a soil 
increases vegetation diminishes until the soil becomes quite sterile. The chief 
salts are sodium carbonate, sulphate, and chloride ; all are. harmful to plant 
life, though sodium carbonate is the most noxious. Among the few trees 
which will grow on soil with a moderate degree of salinity are Acacia arabica, 
Prosopis spicigera, Tamarix articulata, and Btdea frondosa. More halophilous 
still is the shrub Salvadora persica , while in soil which is strongly saline and 
yet not quite sterile Salsola foelida and Snaeda fruticosa are characteristic.' 
After heavy rain patches of strongly saline, soil often become covered <8ith 
a growth of the grass Sporobolns arabiens, Boiss., which dries up and disappears 




exhibiting xerophytic structures. - On the higher ground farther from the 
sea and exposed only to the influence of sirring tides is found a different type 
of forest, usually termed ‘ tidal forest in which the principal tree in the 
Sundartems and the Burma coastal regions is Heriliera Fomes. The mangrove 
and tidal forests are described in some detail under Rhizophoraceae and Heri¬ 
liera Fomes. The trees are characterized by the possession of special adapta¬ 
tions for resisting the force of the wind and the tides, in the shape of stilt-roots 
or of anchor-roots descending frgin the stem and branches ; special adapta¬ 
tions for the aeration of the roots in the muddy ground, in which these trees 
grow are seen in the form of superficial roots, sometimes ribbon-shaped, 
spreading along the surface of the ground or bending out of the mud in the 
form of knees, while some species send up pneumatophores resembling inverted 
tent-pegs. The trees of beach forests, on old raised sandy and stony beaches 
above the reach of high tide, often exhibit xerophytic leaf structures, especially 
towards the outer edge of the littoral bell ; tins |> seen m the thick and leathery 
leaves of CaloplnjUum Inophylhim, Term'rnaha Gatappa. and Barnnqtonm 
speciosa, the succulent leaves of SwevoJa. Kocmyn, the scalc-hkc leaves of 
Casuarina equisetifotia, and the leaves, covered with a gummy varnish, of 


The examples of cdaphic formations 311st given wil] serve 1o illustrate 
some of the more marked types of forests which depend for their existence 
mainly on edaphie conditions. These, do not include the many variations 10 
be found in ordinary forest soils varying from stiff day to pure sand, the relative 
proportions of which may exercise a decided influence on the composition 
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nuniv cases it indioatcs nothing more than their capacity for existing on them. 
Thu* Terminal-in tmnentosa B-ti tea frondosa, Stereosfermum suaveolens, and 
Eugenia npemdata are often found on stiff clay, though they are by no means 0 
confined to it- Dalberqia Si ssoo and Acacia Catechu grow freely on the pure v “ 
*and and shingle of riverain tracts, but they thrive also on loamy soils, though 

Abundant soil-moisture may have the same effect as reduction of tem¬ 
perature. a fact which is illustrated by the presence in moist localities in the 
suli-Himalayan tract, at, elevations of about 2,000 ft. or even lower, of species 
which occur normally at temperate regions in the Himalaya at elevatiirffe of 
4 000 to 8.0110 it. or more. Instances are Querents incana, Q. spicata, Celtis 
australis- Acer oblongum. and Hcdem Helix. The presence in such localities of 
temperate species is possibly due to the reduction of temperature consequent- 
on active- transpiration during the hot season, the loss of water being made 
good from the large supply available in the moist soil. 

The importance of forest grasses as indicators of edaphic conditions has 
been demonstrated by Hole 1 m respect of the Dehra Dun valley and Saharanpur 
diwalik tract. The oecological study of these grasses over defined tracts 
where the climatic conditions are constant wall often lead to interesting and 
important results m demonstrating the suitability of different classes of soil 
tor the growth of different species of trees, since there is often a marked 
parallelism between certain types of forest and of grassland respectively. 
Thus m the Dehra Dun and Siwahk tract, the dominant grass on ground most 
favourable for the growth of sal is Saccharum Narenga. On dry shingle beds 
a,nd m other places which are usually too dry to support- sal, and on which 
forest ot a dry mixed deciduous type is prevalent,, the dominant grass is 
Saccharum Manga-, while other common species are Aristida cyanantha, Tri- 
ra-phis madaqascanensts. A ndropngon monticola, and the dry form of Saccharum 
sponlaneum : the parallel woodland formalSon oil these dry shingle %ds is 
forest ot Acacia (Jateclm and Dalbergia Sissgp. In moist- mixed forest, some¬ 
times merging into swamp forest. Erianthus' Raven-me is the dominant grass. 
hnperata arund-macea often denotes stiff badly drained clayey soil or denuded 
ground somewhat unfavourable to the growth of sal. Phragmites Karka and 
Arundo Donax are species indicative of ground which is too swampy for sal 
and for the great majority of trees ; Saccharum spontaneum is also frequently 
prevalent on low-lying wet ground unsuitable for sal. Anthistiria gigantea 
frequents sal tracts, but may indicate ground insufficiently drained for sal. 
Again, in the eastern sub-Himalayan tract, where the climate is moister, 
savannahs are of frequent occurrence. Here again the dominant grass on 
ground suitable for sal is Saccharum Narenga, and with it occur Saccharum 
aimulmaccmn. Arundmella Clarkei. Erianthus fastigiatus, and Andropogon 
Nardus. As before. Imperata arundmacea, though sometimes present on sal- 
bearing ground, may also indicate stiff badly drained clayey soil, while Sac¬ 
charum. spontaneum and Anthistiria gigantea may also be indicative of ground 
not sufficiently well drained for sal. Phragmites Karka, Erianthus elephantinus, 
and Saccharum procerum are characteristic tall grasses of the moist low-lying 
1 B. S. Hole, On some Indian Forest- Grasses and their Oecologv, Ind. For. Mem. Bot,, 
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savannahs unsuitable for sal and supporting open forests of Albizzia procem, 
Bischoffia jammed. Bomba® maUbancum, and other trees. 

4| Similarly, bamboos arc good indicators of varying soil conditions, and in 
countries like Burma, where they form an important adjunct to some of the 
principal types of forest., they are of special interest in this respect (see under 
Tedona grandis and Bambuseae). 

SOIL CONDITIONS. In the foregoing account of some of the edaphic 
formations of India mention has been made of certain classes of soil which 
have a decided influence on the character of the forest, vegetation. Although 
it tgll be impossible here to enter into a detailed consideration of the pro¬ 
perties of soils, there are certain questions connected with the soil which 
closely affect the origin, the distribution, and the stability of various forest crops. 

The question whether the chemical or the physical characters of the soil 
exercise a more decisive influence on the distribution of plants is one which 
has been discussed by many writers, some of whom have supported the one 
point of view and others the other. Although'due weight must bo given to 
the importance of chemical influences in certain classes of soil, nevertheless 
the basis of oeeological classification is a physical one, namely, the water 
content of the soil, which is in turn influenced by its physical characters, such 
as depth, consistency, and capacity for absorbing and retaining water. Some 
modern writers have devoted special attention to the study of so-called soil 
solutions, in which the moisture in the soil is regarded as a medium by which 
nutriment is conveyed to the roots of plants. It is not sufficient that a soil 
should contain the elements necessary to support plant! life ; it is equally 
necessary that these elements should be in a condition suitable lor absorption 
by the roots of plants, that is, they should be in solution. Many desert or 
semi-desert, soils are rich in nutriment, but in their natural condition are 
incapable of supporting any but Abe most xerophilous vegetation, although if 
irrigated they yield abundant crops. Where the degree of concentration of 
a soil solution tends to vary through some external influence such as wetting 
and drying, the soil is said to be anastatic, whereas soils which remain more 
or less constant lit this respect are termed ecstatic. The soils of bare or 
ploughed land are more anastatic than those of grassland and forest. In the 
majority of soils conditions of anastatism exist mainly near flic surface, and 
a soil may be converted from a ecstatic to an anastatic, condition by special 
treatment such as ploughing, mulching, manuring, or liming, thus promoting 
new chemical reactions or altering the moisture conditions. 

The soil at a depth at which the loots of forest trees mainly receive their 
nourishment is eustatic. Anastatic conditions can bo set up artificially in 
practice, to a depth of a few feet by drainage, and to a greater depth by irriga- 

change, within a short period of time, of soil conditions at any considerable 
depth below the surface owing cither to the draining or the moisture-conserving 
action of forest growth of recent introduction. There is, however, striking - 
evidence of sudden change in the soil conditions at some depth below the 
surface in years of abnormal drought, when even the most deep-rooted frees 
are killed for want of moisture, in the abnormal drought of 1!>07 and lflOS 
in the forests of the alluvial plains of Oudh the subsoil water-level fell in varying 
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degree in different localities. In the forests of South Kheri the fall below 
normal level averaged 10 ft. In those forests the trees were found to be 
seriously affected over certain well-defined patches, and boringB down to (j 
water-level showed that these patches coincided with the presence of thick 
deposits of pure sand, whereas in the intervening areas, where the damage 
was not so serious, the subsoil consisted mainly of clayey loam with only 
occasional thin deposits of sand. When the water-le^el sank owing to the 
deficient rainfall of two successive years the thick deposits of sand were unable 
to retain sufficient moisture to keep the more deep-rooted trees alive, and 
these died in large numbers. Sudden changes in soil conditions at some^ttle 
depth are also seen in submontane regions where deposits of silt brought 
down by rivers in flood are accumulated to a depth of several feet, with the 
result that riverain forests die over considerable areas ; the adverse conditions 
in this case are probably connected with the cutting off of the supply of oxygen 
from the roots of the trees by the accumulation of silt. This form of damage 
is not uncommon in the eastern sub-Himalayan tract. Riverain forests are 
sometimes killed thflJugh the shifting of the course of the river and the. con¬ 
sequent diminution of the water content of the soil. In Sind forests of Acacia 
arabica have been killed in this way through the erection of bunds which have 
cut off the annua] flood water. The abnormal inundation of forest not habi¬ 
tuated to flooding may also result in the death of the trees. 

The instances just quoted refer to altered -soil conditions at a depth 
sufficient to affect the roots of mature trees ; such instances may be regarded 
as exceptional, since the subsoil is normally in a eustatic condition. On the 
other hand, the surface soil, even in the forest, is much more subject to external 
influences, producing changes which may be gradual under natural conditions 
but which can be produced rapidly by artificial means. Thus the soil con¬ 
ditions at the surface of the ground may be.totally different from those encoun¬ 
tered at some depth. This fact is of grearlmportance, since it implies that, 
trees in their seedling stage may—in fact, they very often do—encounter 
soil conditions differing radically from those encountered after the roots 
penetrate to some depth. It' also implies that ground which supports a crop 
of adult trees may be incapable of supporting seedlings of the same species 
owing to adverse conditions in the surface soil which have been brought about 
by a process of change : this fact has a direct bearing on the question of 
woodland succession, referred to below. Nevertheless conditions in. the 
surface soil may often be altered artificially by such means as exposure to the 
sun and air, burning, soil-aeration and conservation of soil-moisture by hoeing 
or ploughing, and other measures, and this fact is of special importance in its 
bearing on regenerative operations. It will thus be seen that the seedling stage, 
which is tlie most critical stage in the life of the tree, has to be considered in its 
relation to conditions prevailing in the surface layers of the soil, and in this 
respect the seedlings of trees encounter soil conditions approximating to those 
•encountered by field crops rather thaii by adult trees, whose roots are for the 
most part situated at a depth where conditipns are more eustatic than they 
are at the surface. 

The four most important factors operating in the soil are water, tempera¬ 
ture, mineral salts, and oxygen, and if any one of these factors is in defect the 







instances of the effect of weeding combined with loosening the soil will be 
found under AzadiracHa indica, ScMeichem trijuga, Bntea frondosa, Dalbergia 
Sissoo, Hardwickia binata, Bauhinia memo*, Acacia. Catechu, Albizzia Lcbbek, 
Tenmnalta belenca, Euqema Jamboiana, Wrighiia tomeniosa, Cordia vestita, 
and other species. 

Recent work in the afforestation of dry barren denuded ravine lands in 
the Etawah district of the United Provinces has demonstrated in striking 
fashion the value of deep ploughing and sowing of tree seeds followed by 
repeated loosening of the surface soil, thereby promoting soil-aeration and 
conserving soil-moisture. By this means young crops of Dalbergia Sissoo, 
Acacia arabica, Tectona. grandis, and other species, raised on ground which 
in its original state could hardly las more unpromising for tree crops, have 
shown phenomenal growth. 

NATURAL REPRODUCTION. There is no branch of Indian forestry 
more important than the study of natural reproduction. The establishment 
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dI' seedling reproduction is closely connected with conditions of seeding and 
crimination and with the requirement* of the seedling. Vegetative repro* 
duct,ion, although of less importance generally, may have special significance 
under certain conditions. Not only is the study of natural reproduction an 
essential preliminary to the adoption of correct silvicultural treatment for 
different kinds of forest crops, but it also serves to elucidate many problems 
connected with such interesting and important questions as invasion, woodland 
succession, and greganousness. As a preliminary to the determination of the 
several factors uffiich affect the establishment of seedling reproduction in any 
particular instance, it will be found necessary to consider three separate stages 
leading towards the production of a young natural crop : these stages are 
(1) flowering and fruiting, including the dissemination of seed, (2) germination, 
and (3) the seedling. We mav here consider briefly some points of interest 
connected with these stages. 

Flowennq, frmlmq, and qermination. in many cases, and perhaps in 
the majority, the fertilization of the flowers of Indian forest trees appears 
to he carried out lit* insect agency, for many of the trees -when in flower are 
visited by swarms of bees and other insects, and the flow ers are often perfumed 
or showy, or exude nectar. Important exceptions are to be seen in the ease of 
the conifers, which are fertilized by the agency of the wind, and produce 
pollen ill large quantities. Certain showy, flowers, notably those of Bombas: 
and Erythema, are fertilized by birds ; it is noticeable that such flowers have 

The dissemination of seed is a subject which concerns natural reproduction 
very closely. Some writers place a much higher value than others do on the 
efficiency of wind as a distributing agent. In most cases winged or light 
seeds and fruits certainly rely on wind as the chief distributing agent, but the 
extent to which distribution takes place in the ease of each species is by no 
means easy to determine from casual observation. Under ordinary conditions 
the heavier winged fruits and seeds, for instance the fruits of dipterocarps, 
are not conveyed in quantity to any great distance from the trees. In the 
ease of Indian conifers, the winged seeds of the pines—other than Finns 
Gerardiana —and the spruces, which escape singly from the cones, are ordinarily 
conveyed to greater distances than are those of the deodar and silver fir, 
whose seeds fall with the cone-scales when the cones break up on the tree. 
In the case of some pines, iiot&bly Firms Ion qi folia, the cone-scales open 
gradually ; the cones are attached to the brandies at various angles, and the 
seeds are not dislodged in any quantity without the aid of a stiff breeze, which 
ensures their spread to some distance. Seeds, such as those of Bombax, Popahts, 
and Salix, which are embedded in silky down are carried by wind 'over con¬ 
siderable distances. 

Water is the natural distributing agent of seeds of species growing in 
littoral regions. The fruits or seeds of such species often have special adapta¬ 
tions for floating, usually in the shape of floating tissue. Terminalia Catappa 
has floating tissue in the fruits, Carapa molpccensis has a large fleshy seed 
with a thick fibrous testa, Sonneratia apetala has a globose fleshy buoyant 
fruit, Avicennia officinalis has a large buoyant capsule, and Heritiera Fom.es has 
a large starchy seed with a cavity between the cotyledons which ensures its 
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conditions frequently lie dormant for that period or longer. Such are the 
seeds of many Legumniosae, including Cassia Fistula, Bauhima malabanca, 

B. racemosa, B. purpurea, Acacia arabica, A. Farnesiana, Prosopis spicigera, 
Albizzia Lebbek, A. procera, A. stipulata and other species, Zizyphus Jujuba, 

Z. Xylopyrus, Sapindus detergens, Spondias mangifera, Gardenia turgida, 
Diospyros Melanoxylon, D. tomentosa, Cordia vestita, Tectona grandis , Fraxinus 
excelsior, and F. fioribunda. The seeds of the teak (Tectona grandis) are known 
to lie dormant in the ground sometimes for years. 

The seedling. The seedling represents the most critical stage in the life 
of a tree. Conditions for seeding and germination maybe entirely favourable, 
and natural seedlings may appear in countless quantities at the beginning 
of the rainy season, only to disappear largely or entirely within a compara¬ 
tively short period of time owing to various causes, such as drought, bad soil- £ 
aeration, competition with weeds, shade, or other factors. Such a holocaust, 
which is a regular event in the case of many species, does not occur to the 
same extent throughout the life of an established crop after the seedling stage 
is passed, except for very special reasons such as the occurrence of abnormal 
drought. If the requirements of the seedling of any species are well under¬ 
stood the problem of the natural reproduction of that species is to a great 
extent solved, while the subsequent treatment of the crop is usually a com¬ 
paratively simple matter. The whole system of management of a forest crop 
is fundamentally influenced by the steps necessary to establish reproduction, 
and it will therefore be readily realized that no branch of silviculture is of 


more importance than the study of the requirements of the seedlings of forest 
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The size or form of the seedling often indicates the condition under which 
it passes its existence. In the case of many species with minute seeds the 
seedlings themselves are minute in their earlier stages, and in such cases an 
essential condition for their establishment is that they should spring up on 
clean and preferably porous soil, since owing to their minute size any com¬ 
petition or obstruction will prevent t.heir development and establishment. 
Such seedlings are those of Anthoeeplmlus, Adina. Slephegyne. Duabanga, 
Rhododendron, Popuhis, and others. A remarkable instance of the adaptation 
of the seedling to a special environment is to be found in the case of certain 
littoral species, for example Campa moluccensis and BerUiera Pomes. The 
large fleshy cotyledons, which remain within the testa, are full of starchy nutri¬ 
ment. On germination a long leafless stem, resembling that of asparagus, 
and bearing only abortive scaly leaves, shoots up rapidly and attains a 
considerable length before any foliage leaves are produced. The nutriment 
in the cotyledons is thus employed for the rapid production of a stem 
which will elevate the foliage leaves above the level of the. water which floods 
the ground periodically. Under natural conditions tl* seedling of Quercits 
semecarpifolia , the high-level oak of the western Himalaya, as a rule produces 
a shoot which remains leafless during the first season. Germination takes 
place about July, and a short growing season is followed by a period of autumn 
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Strata, moist mongh to make gooil the loss of moisture by transpiration. 
In the case of Shorea robusla, and possibly of other species also, another fruitful 
cause of (lying back is bad soil-aeration operating during the rainy season 
(see under Shorea robusta). Dying back may also be the result of frost damage. 
The production at an early age of a strong taproot, with few or no lateral roots, 
appears to be a characteristic of seedlings whicli die back. The phenomenon 
is perhaps commoner than is usually supposed, and under certain conditions 
is characteristic of such widely different species as Shorea robusta, Bombax 
malabaricum, Pterocarpus Marsupium, P. santalinns , Butea frondosa, Hard- 
wickia binata, Bauhinia racemosa, Acacia Catechu, A. Senegal, TermirwMa 
lomenlosa, Eugenia Jambolana var. caryophyUaefolia, Diospyros Melanoxylon, 
■ Santalum album, Tectona grandis, and Quercus semecarpifolia. 

Vegetative reproduction. In many species the production of suckers is an 
. important aid to the perpetuation of the species, particularly in dry localities 
where conditions for seedling reproduction are adverse. One of the most 
noteworthy examples of this is seen in the case of Prosopis spicigera in the 
arid regions of northwestern India, where seedling reproduction is incapable 
of establishing itself except in riverain areas and moist depressions ; never¬ 
theless on the more elevated and drier ground Prosopis survives, and has 
apparently survived for long periods of time', by means of sucker reproduction. 
This form of reproduction appears to be common in dry situations, though it 
is by no means confined to such places. Certain species, notably Diospyros 
Melanoxylon and D. burmanica, are remarkably tenacious of the ground they 
occupy owing to thS vigour of their sucker reproduction : where they are 
present they are among the last species to disappear when land is cleared for 
cultivation, and land which has been cultivated for a few years and then 
abandoned becomes covered with sucker growth of these trees. There are 
certain other species which are nearly if not quite as tenacious, for instanee 
Bntea jrondosa, Ougeima dalbergioides, Acacia dealbata, and others. Among 
bamboos Melocanna. bambusoides displays similar tenacity in the manner in 
wliich culms are sent up from portions of the rhizomes left in the ground on 
land cleared for cultivation. The list of species producing suckers is a long 
one. Certain natural orders exhibit a striking tendency to reproduce in this 
way, notably the Leguminosae ( Dalbergia. Ougeima. Butea. Cassia. Xylia. 
Prosopis, Dichrostaehys, Albizzia, some species of Acacia, and many others), 
the Bosaceae, and the Bignoniaceae ( Stereospermnm , Heterophragma. Milling- 
tonia, Oroxylum). 

Vegetative reproduction is not confined to the continuance of the species 
by means of suckers, but may be taken to include also the power to persist by 
means of new shoots from the base or otherwise when coppiced or when 
subjected to cutting, lopping, burning, browsing, or other forms of injury. 
This power is possessed to a considerable degree by the teak, which in parts 
of the Indian Peninsula is sometimes almost the sole survivor in areas subjected 
to every form of maltreatment. 

INVASION, SUCCESSION, AND GREGARIOUSNESS. Even to the 
most casual observer the fact is often brought home that certain types of 
forest are of a temporary kind, and after occupying the ground for varying 
periods of time give way in the natural course of events to other types, this 
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change being sometimes accelerated by a change in external conditions. 
A study of these changes is of great importance to the forester, for an appre¬ 
ciation c*f their significance will often afford an indication of the kind of forest 
crop which can be-grown in a given locality. It may be said in general that 
every existing natural forest crop has been brought into being by a process 
of invasion, followed in many cases by succession, tile struggle for existence 
determining its composition to a large extent. ‘ Invasion ’ has been defined 
as the movement of plants from one area to another of a different character 
and their establishment in their new home. Among examples of invasion 
may be mentioned the following: (1) Macarauga springing up and establishing 
itself on savannahs with the introduction of firc-proteotion ; (2) Dalbergia 
Sissoo and Acacia Catechu growing up on recently formed shingle deposits 
in the beds of rivers (3) mangroves taking possession of newly formed mud 
flats in littoral regions ; (4) mulberry appearing through the agency of water, 
and spreading through the agency of birds, with the introduction of irrigation 
in the Punjab plains, where the pre-existing vegetation is of a semi-desert 
character ; (5) various species with 1 small light seeds—II *oodfordia, Duabanga, 
Wendlandia, Trema, and others—springing up on landslips and other places 
where the soil has been recently exposed. Among exotic plants introduced 
by man wliieli have become invasive to a troublesome degree may bo men¬ 
tioned Lantana aeukaia, Eupatonum odoratnm in Burma, Opnnha .Ihlknii 
(prickly pear) in dry regions, Mimosa pudica (sensitive plant) on pasture lands, 
and Eichhornia Crassipes (water hyacinth) in creeks and tanks. 

‘ Succession ’ is the term applied to a series of invasions occurring in the 
same place. It is generally divisible into three stages: (1) the initial stage, 
in which certain species of trees, usually with small, light, or winged seeds, 
take possession of recently formed or newly exposed ground; (2) the transi¬ 
tional stage, in which changes take place on ground already clothed with some 
sort of vegetative cover; and (3) the climax stage, which represents the farthest 
advance towards a hygrophilous type of vegetation which the locality is 
> capable of supporting. On this basis tropical evergreen forest, which probably 
represents the climax vegetation in humid regions, and persists as such as long 
as external conditions remain unaltered, may bo regarded as tile highest type 
■ of woodland formation, and succession which proceeds from a xerophilous to 
a more hygrophilous type is termed ‘progressive succession ’. The reverse 
process, in which a more highly developed formation, which may he hygro- 
philous or mesophilous in tyjre, reverts to a simpler or more xerophilous type, 
is known as ‘ regressive succession ’ : it is exemplified by the gradual deteriora¬ 
tion of forest through fire, grazing, or otherwise, the more sensitive species 

is the term applied to a change from certain types of grassland to parallel 
types of woodland, and vice versa. This parallelism between certain species 
of grass and trees respectively has been demonstrated by Hole 1 in the case of 
the Dun and Siwalik tracts : of xcrophytic forms the grass Saechanim Mnitja 
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without a close study of the requirements of the seedlings of the species con¬ 
cerned. Changes in external conditions may be brought about in various 
ways, ^frequently the change takes place by reason of conditions (moisture, 
shade, Tic.) produced by the formation itself : it may also be brought about 
by river action or other forms of erosion and deposition, by grazing, fire, or 
the direct action of man. In some types of forest the equilibrium of the 
existing vegetation is maintained by the action of annual forest fires, and some 




























may account in some cases for gregariousness. In arid regions Prosopis 
spicigera may rely entirely on sucker reproduction to maintain its existence, 
and may become the sole survivor owing to this power. In certain tracts 
Angle Marmelos forms pure forests on stiff clay, and on this unfavourable 
ground it probably orves its persistence largely to its power of reproduction 
from suckers. Diospyros Melanoxylon is at times also gregarious owing to its 
power of reproduction from suckers, while teak sometimes becomes gregarious as 
the sole survivor inforest subjected to lopping, cutting, and burning, owing to its 
remarkable power of endurance. Gregariousness is often due to immunity from 
damage by grazing, which favours certain species at the expense of others. Among 
species favoured in this way are Butea frondosa, Holarrhena antidysenterica, 
Casearia tomenlosa, Lagerslroemia parviflora, Woodfordia floribunda, Gardenia 
spp., Slrychnos Nux-vomica, Chrixlendron infortunatum , Adhutoda Vasica, and 
many Euphorbiaceae, including Oleuianllms colhnus, MaUotus phthppmensts, 
Sapmrn sebifemm, S. insigne. -Jatropha Curms, and J. gossypifolia. Gregarious¬ 
ness is sometimes characteristic of some peculiar habitat tenanted by only a few' 
species adapted for existence in it, as in the case of mangrove and tidal forests. 
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of injury. These are at least some of the factors operating to produce the 
characteristically gregarious sal crops. Among the dipterocarps generally 
gregariousness is characteristic of the more xerophilous rather than of the 
more hygrophilous species (see introduction to Dipterocarpaceae). 

Gregariousness does not necessarily indicate the most favourable condi¬ 
tions for growth. In some of the dry areas of the Indian Peninsula teak is so 
plentiful as to be almost gregarious, but it is of small size compared with the 
teak found scattered in mixture with many other species in the forests of Burma 
and the Western Ghats. Hunhmckia binala is more gregarious on trap than 
on sandstone and granite : yet on the former it is of comparatively small size, 
while on the latter, though more scattered, it reaches larger dimensions. Butea 
froiidosa is sometimes gregarious on badly drained ground, but the growth is 
poor. Pims longifolia often reaches a large size in mixture with Quercus 
incana on fertile soil, while on the poorest soils in the region of the pine it is 
often the only species that will exist, though it is stunted on such ground. 

Although gregariousness is of special advantage to a species in its struggle 
against other species, it does not follow that it is the dirtct outcome of a pre¬ 
ference for a social life, as is sometimes imagined. It is nothing more than the 
effect produced by certain conditions which specially favour a species in its 
reproduction and subsequent struggle for existence. For this reason a species 
may be gregarious in one place and not in another. Even the teak in Burma, 
which is a typically sporadic tree, sometimes springs up gregariously on aban¬ 
doned temporary cultivation in places where teak seed-bearers are present. 
This is due largely to the fact that teak seed retains its vitality for years, and 
an accumulated supply of seed lies dormant in the ground, awaiting favourable 
conditions for germination. These are secured by the complete clearing of the 
forest growth and the burning of all refuse prior to cultivation with field crops : 
after the crops are reaped and the area is abandoned the teak is left in possession 
of the area, and the young plants establish themselves rapidly owing to the 
favourable light conditions and to their power of resistance to fire. Regarded 
purely from the point of view of association, trees which are not normally 
gregarious can as a rule be-grown successfully in pure crops: from a silvi¬ 
cultural point of view, however, there are other factors to consider, among 
which are liability to disease or insect attacks and soil-protective capacity. 

SILVICULTURAL TREATMENT. The ultimate aim of practical 
silviculture is the correct treatment of tree crops with the view of securing 
a given object; in most cases the object is to produce the highest permanent 
money return, involving the fullest, utilization of the ground for the production 
of useful and valuable material. The only true basis of forest management is 
the detailed silvicultural study of the trees concerned, not only as individuals 
but also as components of communities. The vast natural forests of India, 
representing the greatest diversity of types and containing species exhibiting 
the utmost variation m silvicultural characters, present problems of a most 
intricate kind, the solution of which is impossible without a close, study, in each 
case,of the oecologieal factors bearing on invasion, succession, and the struggle 
for existence. This is the more necessary in a country like India, where natural 
fofestsplay a predominant part, where, succession often occurs with such rapidity 
as to suggest a state, of unstable equilibrium, and where the natural trend of 











striking tact which has already revealed itself is the great diversity of treat¬ 
ment necessary to secure reproduction under different conditions, even in the 
case of one and the same species, and in the application of the principle of 
concentrated regeneration Indian forestry null doubtless in time show a 
remarkable number of variations in matters of detail. The value of fire as an 
aid to reproduction is becoming more and more apparent, and under many 
conditions controlled burning will play an important part in regenerative 
operations, both in broad-leaved and in coniferous forest. In future 
artificial reproduction will almost certainly be resorted to on a much larger 
scale than has been the case in the past. In the moistcr types of -sal forest in 
the Bengal Duars artificial reproduction is now relied on as the sole means of 
regenerating the sal, a species which until recently has been regarded as pre¬ 
eminently adapted for natural reproduction. Under suitable conditions 
natural reproduction in the teak forests of Burma can he secured with great 
success by clear-felling followed by thorough burning and weeding, hut so far 
no system of natural reproduction has proved so economical and efficient as 
artificial reproduction with the aid of shifting cultivation. Artificial repro¬ 
duction is no less a matter for local study than natural reproduction, since ^ 
conditions vary to such an extent in different regions that the methods adopted 
must vary greatly even for one and the same species. 
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shell with their earth. The seeds, however, remain untouched, and at the 
commencement of the rains they germinate in the earth of the white ants, 
and seedlings burst out through all the cracks and joints of the dried shell 
of the fruit as if growing in a flowor-pot (Fig. 1, c). The heavy rain soon 
breaks up the remnants of the fruit and washes away the seedlings, the roots 
of which obtain a footing wherever they can ; many seedlings, however, die 
before this is accomplished. Where the fruits have become partially buried 
and the seedlings remain in situ they succeed best. 

Germination (Fig. 1, e-g). Epigeous. In the case of detached seeds the 
testa, enclosing the cotyledons, is usually carried up, dropping with the expan¬ 
sion of the cotyledons. When, as under natural conditions, germination takes 
place within the shell of the fruit, the hypocoty) often becomes much curved 
in its efforts to emerge, and the testa is frequently left inside. 

The seedling (Fig. 1). 


Roots : primary root long, tapering, wiry, flexuose : lateral roots numerous, 
moderately long, fibrous. Hypocotyl distinct from root, 1-7-2-5 in. long, terete, 
fusiform or tapering slightly upwards, glabrous, often much bent and curved 
dming germination. Cotyledons sub-sessile or with very short petioles, green, 
foliaceous, 0-6-0 R by 0-3-0-4 in., ovate, acute or acuminate, base acute, 
entire, glabrous. Stem- erect, more or less covered by the expanded petiole 
bases. Leaves alternate, crowded : petiole 01-0-3 in., somewhat enlarged at 
the base and partly sheathing the stem : lamina 0-6-2 by 0-4-0-8 in., elliptical 
obovate, sharply serrate, glabrous above, pubescent beneath, lateral veins 
parallel, prominent. 







I. DiLLENIACEAE 


.St ool-shoots ill I lie, coppice coupes. On t he ot her hand, Mr. A. E. Osmaston 1 
records t lin t of 12 DiUenia trees coppiced in a plot, in Gorakhpur none produced 
shoots : these forests suffered severely from drought shortly before the fellings 

Natural reproduction. The tree reproduces freely in burnt savannahs, 
often forming pure patches : the thick almost fleshy shoots of saplings stand 
burning to a remarkable degree. In the Duars the presence of DiUenia 
pentagyna in sal or mixed forest thus often denotes that the crop has grown 
up within comparatively recent times out of burnt savannah land. 

Rate of growth. Periodical measurements of DiUenia trees in sample 
plots in sal forest in the Buxa Division, Bengal, showed such slow growth 
(a mean annual girth increment of 0-25 in.), owing to the fact that the trees 
were dominated by the sal, that the figures were discarded as unreliable : 
they are, however, interesting as showing the light-demanding nature of the 
f ree. Gamble’s specimens showed 5 to 0 rings per inch of radius, representing 
a mean annual girth increment of 1-1 in., a fairly rapid rate of growth. 

In the Gonda doppice plots referred to above DiUenia stool-shoots 1 and 
2 years old had average heights of 2-6 ft. and 5-8 ft. respectively as against 
4-7 and 8-8 ft. for sal shoots. Measurements m the Gorakhpur coppice plots 
already mentioned gave the following results in the case of Dillenia as com- . 
pared with sal: 

DiUenia pentagyna : rate of growth of coppice, Gorakhpur. 



ORDER II. MAGNOLTAOEAE 

This order, which has most of its representatives in the moist forests of 
the eastern Himalaya and Assam, contains several trees of great beauty and 

MICHELIA, Linn. 

Large evergreen or deciduous trees of the moist or evergreen forests, 
chiefly in hilly regions. Besides the two described below, M. nilagirim, Zenk., 
of the evergreen ‘ sholas ’ of the Nilgiris, and M. oblonga. Wall., a very large 
tree of Assam, are of some importance in their respective regions. 

.Species 1. M. excelia, Blume; 2. M. Champaca, Linn. 

1. Michelia excelsa, Blume. Vern. Bard champ, safed champ, Nep. 

A tall deciduous tree usually with a straight clean bole and a compact 
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or only moderately spreading crown. Bark of young.trees whitish, that of 
old trees light, ashy grey with numerous small pits. Mature trees attain 
a height of 100-120 ft., while sound trees up to 10 ft. in girth are not infre¬ 
quently found: trees of larger girth are usually unsound. A tree 22 ft. in 
girth has been reported by Mr. ,T. R. P. Gent in the Siugalila range, Darjeeling. 
Fig. 3 shows a large tree with its branches characteristically festooned with 
moss. This is one of the most important timber trees of the Darjeeling hills, 
where the wood is in great- demand for building and other purposes. It 
furnishes a poor fuel. 

Distribution and habitat. Eastern Himalaya at 5,000-8,000 ft., Khasi 
1 and Naga hills. In the Darjeeling forests it occurs mixed with oaks ( Quercus 
famellosa, Q. ImmUi. and Q. pachyphylla ), Casknwpsis Hystrix, Bveklandia 
populnea, maples, laurels, and other trees. It grows on well-drained lull-sides 
or ridges, preferring the lighter moist deep loamy soils; it also grows fairly 
well when planted on moderately clayey soil, but bad drainage and excessive 
soil moisture are injurious, retarding the development of the tree and producing 
a stunted 1 growth. Fig. i shows a pole crop normally developed, and Fig. 5 
a pole crop somewhat stunted owing to an excess of moisture in the soil. 

In the natural habitat of the tree the climate is temperate and very wet. 
The absolute maximum shade temperature varies from 80° to 90° F., the 
absolute minimum from 20° to 30° F.. and the normal rainfall from 90 to 
200 in. or more. 

Flowering and fruiting. The majority of the trees flower in March, 
but sometimes trees may be found flowering in December and occasionally at 
other times of the year: the flowers are large and white. The seed ripens 
towards the end of October and in November, and is distributed to some 
extent by the agency of birds, though much of it germinates where it falls. 
The seeds, which are covered with a red arillus, are oily and quickly lose their 
germinativc power : about 160 to 210 weigh 1 oz. They are readily devoured 
by birds and by squirrels, rats, and other vermin. Records of seed-years for 
some time past show' that in 11 years there are on an average 5 good, 3 moderat e, 
and 3 bad seed-years. Hailstorms, which occur mainly in March and April, 
destroy the flowers or the young fruits before they set, sometimes causing 
complete failure to produce seed in an otherwise promising seed-year. 

Silvicultural characters. The tree is a light-domander. Although 
seedlings grow fairly well under a moderate though high canopy, saplings and 
poles grown with complete overhead light are more vigorous than those grown 
under shade. Sudden isolation, as when standards are left in coppice coupes, 
is apt to cause drying of the crown and the production of numerous epicormic 
branches: this is probably the result, in part at least, of the altered conditions 
of soil moisture consequent, on the exposure of the ground. The tree, coppices 
well up to a fair size: it does not. produce, root-suckers. Drought, does not 
ordinarily occur in its natural region, but .fining plants on southerly aspects 
are sometimes found to suffer from want of moisture. Tlic tree is frost-hardy. 
It suffers.much if exposed to fire, trees being often killed outright where fires 
are severe: young trees, however, frequently send up new shoots from the 
base. It is more subject to the attack*of animals than almost any other tree 
of its region, spuirreis and tree shrews gnaw' the. bark near the ground and 
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cat the lips of .young shoots: young plants in particular are subject to the 
attacks of scpiirrols. The bark is also eaten by cattle and deer, while the tree 
is a favourite one for deer to rub their antlers on. The leaves and young 
plants arc readily eaten by cattle, horses, and deer, and in grazed areas it is 
impossible for the seedlings to establish themselves. 

Natural reproduction. Good seed-years produce an abundant crop of 
seed, and seedlings of the first year are usually plentiful in the vicinity of 
seed-bearers. Their further development depends largely on the admission 
of sufficient light and on their being kept free from suppression by weeds and 
from damage by fire and grazing. Natural reproduction is found most plenti¬ 
fully on ridges and spurs, the reason probably being that on such places there 
is more light, less accumulation of fallen leaves, and a less abundant growth 
of weeds than elsewhere. In the Darjeeling forests natural reproduction is 
induced by opening the canopy in the vicinity of seed-bBarers : wounding the 
soil has also given success. 

Artificial reproduction. In the Darjeeling hills artificial reproduction 
is carried out to a considerable extent by means of transplanting nursery- 
raised seedlings. The fruits are collected early in November, and spread out 
in the sun until the seeds separate from the husks, this taking from a week 
to a month according to the weather. The seed is then sown within a week, 
having been kept spread out meanwhile in an airy place under light shade. 
In the nursery it is sown either in drills or broadcast, the latter method being 
considered preferable owing to the danger of moles, which find the seed in 
lines and following up a line devour every seed. When 1 to 2 in. high the 
seedlings are pricked out 6 in. apart in nursery beds during the first rainy 
season, but this is sometimes dispensed with. 

The seedlings are transplanted to the forest when 3 or 4 years old and 
2 to 3 ft. high, the latter size being considered preferable in order to give the 
plants a better start over the weed-growth. Transplanting is usually carried 
out in the rainy season, about July, but if the winter rains are favourable it 
can be carried out successfully in Jan uary, especially on northerly slopes. As 
a rule a spacing of 10 ft. by 10 ft. is considered sufficient; inferior species 
spring up in the intervening spaces, producing a full crop, and are afterwards 
cut out, leaving a pure crop of Micheha. Careful fencing against deer is 
necessary. In the Darjeeling hills it is customary to fence every plant until 
it is out of reach of deer by driving a circle of split stakes round it. For 
three years cleaning is necessary twice a year, during and towards the end of 
the rainy season, in order to prevent suppression of the young plants by 
weeds. 

Rate of growth. According to Gamble the rate of growth is variable, 
young trees often showing only 4 to 7 rings per inch of radius, older ones 
12 to 16; this gives a mean annual girth increment of 0-39 to 0-32 in. A 
specimen in the Darjeeling ForesfpMuseum, with a girth of 7 ft. 7 in., showed 
7 rings per inch of mean radial growth, giving a mean annual girth increment 
of 0-9 in. Ring countings by Mr. F. G. Henvey, recorded in the Darjeeling 
working plan, showed 8 to 12 rings per inch of radius, giving a mean annual 
girth increment of 0-52 in. to 0-78 in." More recent results of ring countings 
have shown an average of 9 rings per inch of radius, giving a mean annual 
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girth increment of 0-7 in., which may be taken as an approximate genera) 
average. 

Mr. H. S. Gibson has furnished the following figures showing the average 
height of seedlings and saplings in the Kurseong forests: 


Michelia excelsa : growth of seedlings and saplings, Kurseong forests. 



A plot of young trees in an abandoned nursery at Rangirum in the Dar¬ 
jeeling hills, measured in 1917, had a mean girth of 9-2 in. and a mean height 
of 27 ft. ; it had 1,376 stems per acre and a volume of 687 cubic ft. 

The average rate of growth of coppice-shoots is from 2 to 3 ft. annually. 

2. Michelia Chanipaca, Linn. Syn. M. aurantiaca, Wall. Champak. 
Vern. Champ, champajUmOi. ; Titasopa, Ass.; Sampighi, Kan.; Champakm^~” 
Tel. ; Shembuga, Tam. ; Saga, Burin. _ ^gr. 

A tall ljgndsome evergreen tree with a long clean cylindrical bole, attaining 
a height of 110 ft. or more and under ordinary forest conditions a girth of 
8-12 ft. or more. Bark light grey, smooth, about t in. thick. In the Borojhar 
forest, Buxa Duals, I measured a tree 16 ft. in girth, while Beddome records 
a tree on the Balarangam hills in Mysore with a girth of over DO ft. 

Distribution and habitat. Wild in the eastern sub-Himalayan tract 
and lower hills up to 3,000 ft., Assam, Burma, Western Ghats, southern India. 
Rare in deep valleys cooled by perennial springs, in the Tholokabad and 
Karampoda forests, Chotn Nagpur (Haines). Much cultivated in various parts 
of India and Burma, especially round temples, for the sake of its fragrant 
flowers, which are used in religious ceremonies. It is characteristic of moist 
and evergreen forests, where its tall clean light grey bole stands out con¬ 
spicuously (see Fig. 6). In^the Bengal Duars it is fairly common in the moister 
and almost evergreen types of sal forest on rich soil. Some fine specimens 
occur along the foot-hills of this tract. It extends into the Abor country at 
the lower elevations, and Mr. A. J. Milroy 1 remarks on the largo size of the 
trees he saw there, the best of which measured 10 ft. in girth with a clean 
cylindrical bole of about 70 ft.: he was informed that the tree grows to still 
finer proportions in the Mishmi and Kharnti countries. 

absolute maximum shade temperature Varies from 90° to 10D“ F., the absolute 
minimum from 38“ to 02“ F., and the normal rainfall from 90 to 200 in. or 










It coppices well, the rate of growth of the shoots being si 
that of sal coppice: Mr. A. E. Osmaston records that of ' 
experimental coupes in Gorakhpur, 6 produced shoots with 


* 3. OANANGIUM, Baiilon. 

(Jauaugium odoratum, Bail!. »Syn. Covanga odorata. Hook. f. and Th. 
Vern. Kadaingan, Buna. 

A very large fast-growing evergreen tree, wild in Tenasserim and often 
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its scented flowers. It may attain a height 
l clear bole sometimes nearly 100 it. high, 
ies. The seeds are small, S00-600 weighing 


4. POLYALTHIA, Blume. 


,Species J. P. cerasoides, Benth. and Hook, f. ; 2. P. longifoUa, Benth. 

and Hook. f. ; 3. P. fragrans, Benth. and Hook. f. 

1. Polyalthia cerasoides, Benth. and Hook. f. Vem. Guthi, Tel.; Thabut- 

A small to moderate-sized tree of Bihar, Chota Nagpur, in valley forests 
and along ravines (Haines), the Indian Peninsula, usually on dry hills but 
sometimes in evergreen forest, and Burma, often in induing forest. Mr. J. 
Donald notes that there is a high percentage of regeneration of this tree as 
a result of fire-protection in parts of South Chanda. The tree possesses the 
power of reproduction by root-suckers. 

2. Polyalthia longifolia, Benth. and Hook. f. Vern. Asok, Hind. 

A handsome evergreen tree with a round close crown, indigenous in Ceylon 
and much cultivated in gardens and avenues in India and Burma. Its growth 
is slow. The seeds, which ripen in July and August, do not keep their ger- 
minative power long, and require to be sown as soon as possible after ripening. 
The young plants do not stand transplanting well, and to ensure the best 
results the seed should be sown at site or in baskets. 

3. Polyalthia fragrans, Benth. and Hook. f. 

‘ A tall, evergreen, buttressed tree, 80 ft. high by 2 ft. in diameter, with 
smooth grey bark. . . . Endemic in the Western Ghats, evergreen tropical 
rain-forests of the Konkan and North Kanara, often gregarious ’ (Talbot). 
The timber is of little value. 


ORDER IV. CAPPARIDACEAE 

The chief sifvicultural importance of this order lies in the fact that some 
of its members, particularly species of Gapparis and Cadaba, occur in dry or 
arid tracts where vegetation of any kind is scanty. 

Genera 1. Cbataeva, Linn.; 2. Gapparis, Linn. 

1. CRATAEVA, Linn. 

Cratacva rcligiosa, Forst, Syn. C. Nurmla, Ham.; C. Roxburghii, R. Br. 
Vern. Bdrna, Uliana, Hind. ; Nirvala, Mar. ; Maralingam, Tam. ; Bilusi, 
Kan. ; Kadai, lea-del, Burrn. 

A moderate-sized deciduous tree with long-petioled trifoliate leaves ; bark 
grey, somewhat smooth, with horizontal wrinkles. The soft whitish even¬ 
grained wood is used for drums, writing-boards, &c., and in turnery. ^ 

Distribution and habitat. Throughout most parts of India and Burma, 
wild or cultivated. It is often found along -streams, but sometimes occurs 
almost gregariously on dry deep boulder formations in the sub-Himalayan tract, 
for example near Ramnagar. 














FLAGOURTI A 


A small rather variable deciduous tree, usually thorny, with thin grey bark. 

Distribution and habitat. Common throughout, the greater part of 
India: in Burma it occurs in induing and in dry forest. It is found in the 
lower scrub forests of the Rawalpindi hills associated with Acacia modesla and 
other dry zone species, thence eastward throughout the sub-Hi malayan tract, 
both in sal forests and in the dry miscellaneous forests of the Himalayan 
valleys'and outer hills up to 4,000 ft. Common throughout Chota Nagpur 
and the Indian Peninsula in mixed deciduous or scrub forests. In its natural 
habitat the. absolute maximum shade temperature varies from 105° to 118° F., 
the absolute minimum from 25° to 50° F., and the normal rainfall from 30 

Leaf-shedding, flowering, and fruiting. The tree is leafless usually 
just before or at the time of flowering, which occurs from December to March. 
The fruit, which ripens from March to July, is an edible berry, and the seed 
is spread by birds, which no doubt accounts in part for the wide distribution 

Silvicultural characters and rate of growth. The tree is somewhat 
frost-tender and is also readily browsed. It coppices fairly well, measurements 
made in the Gorakhpur division, United Provinces, showing the following 
production and rate of growth of stool-shoots as compared with sal in the 
same coupes: 



Girth measurements in sample plots w the Lansdowne division, United 
Provinces, showed mean annual girth increments of 0-2 and 0-31 in., which 
indicates a slow rate of growth. 

3. HYDNOCARPUS, Gaertner. 

Hydnocarpus Wiglitiana, Blumc. Syn. H. inehrians, Wall. Vern. Kastel, 
kantel. Mar.; Toratti. Kan.; Maravetti, Tarn. 

A large evergreen tree with brown, somewhat rough bark, and handsome 
shady foliage. * 

Distribution and habitat. Common in tropical forests along the 
Western Ghats from the Konkan southwards and below the ghats in Malabar 
and Kanara in moist situations, especially near water. Very common in 
Travancore up to 2,000 ft. Often planted. In its natural habitat the absolute 
maximum shade temperature vanes irom 04' to 09' I.. the absolute nnmnmni 
is about 00°, and Die normal ramlall varies Irom 00 to ISO ill. or more. 

Flowering and fruiting. The t ree flowers m Februarv-March and t he 
fruit, a large bartl-rimled berrv, rijiens m May and June. The seeds (Fig. 8, a), 
which are 0-8-1 in. Jong, obtusely angular, are. oily and do not. retain their 
germinative power for long: they germinate during the rams shortly after 
reaching the ground. About 2:> to 30 seeds weigh 1 oz. 
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cotyledons *as in a bag until a taproot some inches long has been developed. 
The testa is usually left underground, while the albumen is carried up and 
dropped when the cotyledons expand. 

The Seedling (Fig. 8). . ^ 

Boots : primary root long, moderately thick, woody, fiexuose : lateral 
roots numerous, fibrous, distributed down main root. Hypocotyl distinct 
from root, 2-8-3-5 in. long, thick, terete, tapering upwards, green, glabrous. 
Cotyledons petiolate : petiole 0-25-0-3 in. long, channelled above, minutely 
pubescent: lamina 2-2-5 in. by 1-5-2-3 in., cordate or ovate, acute, entire, 
glabrous or minutely pubescent, palmately o-veined. Stem erect, minutely 




submerged by the annual floods for several feet each year, until raised above 
the surface of the water by successive deposits of silt, becomes covered in the 
first place by multitudes of tamarisk seedlings which, provided the soil is not 
pure sand, soon establish themselves in a dense crop mixed with hank grass 
(Saccharum spontanmm) , the grass being killed out subsequently by the 
tamarisk. As the land becomes more elevated, but still subject to annual 
floods, Popuhis euphratica and Acacia ardbica take possession of the ground. 
Later on, when the land becomes more elevated, and not subject to any but 
abnormal floods, Prosopis spicigera becomes the prevailing species. As these 
successive species invade the ground the tamarisk becomes gradually sup¬ 
pressed and killed out, though in places even on the older high land crops of 
Prosopis are found with an undergrowth of tamarisk still struggling against 
lack of water, and often mixed with the typically semi-desert shrub Capparis 
aphylla-. In this way it may persist through all successive stages of alluvial 
forest growth from the pure bushy tracts of tamarisk on the new kacha ground 
to the high-lying older dry alluvium which has become invaded by Prosopis. 

In its earlier, stages the tamarisk is subjected to periodical flooding. It 
withstands partial submergence without suffering, but complete and continuous 
submergence for several days kills it. Hence, until the new alluvium reaches 
the stage of becoming free from complete submergence for any but short 
periods of time, the young crop cannot be said to have established itself. In 
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recorded was a diameter of 10-5 in. attained in sixteen years, representing 
a mean annual girth increment of 20« in., which is rapid. Strictly speaking, 
the tree is mature at this age or even earlier, since the base of the stem tends 
to become hollow by the time an age of fifteen years is reached. 

2 Tamarix (lioica, Roxb. Vem. Lai, gaz, lao, jhau, Sind ; Lai jhau, 
Beng.; Jhau, Hind. ; Lai, pilchi, Punjab ; Byaung-chedauk, Burn. 

A glaucous gregarious shrub or small tree with pendulous branches and 
retie ulately fissured bark'. This plant is very similar to T. Troupii, with which 
it is sometimes associated: it is, however, usually smaller and has greyer 
foliage and broader flower-spikes. 

Distribution and habitat. Throughout northern India up to 2,600 ft. 
in the outer Himalayan valleys, Sind, the Peninsula of India, Bengal, Assam, 
Santal Parganas, and in the dry zone of Burma, chiefly on sand-banks and in 
river-beds. It is common along the Ganges, Hooghly, and other rivers, and 
forms extensive forests ajpng the Indus in Sind. It is also found along the 
sea -coast. It is common in the sandy or shingl^ beds of some of the streams 
issuing from the hills in the sub-Himalayan tract. 

A description of the tamarisk forests along the Indus in Sind has been 
given under the preceding species. In this tract T. dioica usually occupies 
different ground from T. Troupii, for although the two are often found together 
T. dioica is largely confined to the high and saline lands which are seldom, if 
ever, subject to inundation: it is very commonly found on soils heaxjly 
impregnated with salts, and has remarkable capacity for existence on such 

Flowering and fruiting. The panicled spikes of dioecious pink flowers 
appear from May to August, and the small capsules ripen in the cold season. 

Silvicultural characters. The silvicultural characters of this plant 
are similar to those of T. Troupii, except that it has greater capacity for 
growing on saline soil. 
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spfaigera, Salvadora oleoides, Oapparis aphylla, and other species characteristic 
of these dry regions: it is uncommon in Lower Sind. It thrives best on 
loam, though it is found also on stiff clay and on sand, while it is capable of 
growing on saline soils provided there is surface irrigation: it cannot tolerate 
soil heavily impregnated with salts. It grows more vigorously on land subject 
to occasional inundation than on land which is never flooded: .it is, however, 
not typical of the new kacha alluvium on which T. Trowpii habitually and 
T. dioica more rarely springs up. 

Leaf-shedding, flowering, and fruiting. The leaves and extremities 
of the branchlets are shed in part during the cold season, the new shoots and 
leaves appearing about May. The small flowers, loosely arranged on long 



with a trench on -either side which is flooded periodically in order to moisten 
the beds by percolation ; the beds should not be watered by hand. The seed 
should be sown about January, when it ripens, the seedlings being pricked 
out in the nurseries when 3 or 4 in. high: the stronger plants may be trans¬ 
planted during the first rains, but as a rule it will be preferable to defer 
transplanting till the beginning of the following rains. 

Propagation by cuttings is easier and more satisfactory: this system is 
commonly adopted in Sind in cases where afforestation is undertaken along 
with the raising of kharif field crops. Cuttings as thick as the finger and about 
16 in. long should be planted slightly out. of the vertical to a depth of 12 in. 
in prepared nursery beds in February or early March, and the beds should 
be watered regularly: the cuttings will be well rooted and ready to transplant 
by August of the same year. 








VI. TAMARICACEAE 


Rate of growth. Tho growth is rapid. Mr. Molntire records the 
following results of measurements of coppicoshoots in Multan district' 



The growth is much faster on low-lying ground subject to inundation 
than elsewhere. 

Brandis says that trees 12 years old on an average attain a girth of 2-3 ft., 
and that a tree 15 years old measured 4 ft. 10 in. in girth. In Baluchistan 
various measurements in coppice coupes have been recorded in recent years. 
These apply at least in part to this species, but probably other species are 
included as well. In the Popalzai state forest coppice-shoots 7 months old 
had a minimum an'd maximum height of 2£ ft. and 5 ft. respectively, while 
those 1| years old had an average height of 6 ft. Measurements made from 
1910-11 to 1915-16 in coppice coupes in the Abdulla Kheli and Nari Bank 
forests gave the following results : 


Age, iu years. Maximum height. 



These figures indicate that for the first few years the growth is very rapid, 
but that it soon begins to fall off : the trees originally felled had a maximum 
height of 30 ft. 


ORDER VII. GUTTIFERAE 

An important order of trees, chiefly evergreen, with opposite glabrous, 
usually leathery leaves. The trees are characteristic mainly of tropical ever¬ 
green forests, and include some useful timber-yielding species. Several of the 
numerous species of Garcinia, which are characteristically shade-bearing, 
furnish the pigment known as gamboge, which is exuded from cut surfaces 
in the cortex in the form of a yellow resinous juice: some of the species 
produce edible fruits, notably G. Manqostana, Linn., the mangosteen. Of 
timber trees the most important are Mesua ferrea, Linn., Poeciloneuren indicum, 
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Bedd., ^fid some of the species of Calophyllum. which furnish timber used for 
masts and spars. 

Genera 1 . Calofhyixum, Linn.; 2. Poeciloneuron, Bedd.; 3. Mestta, 
1. CALOPHYLLUM, Linn. 

Evergreen trees with shining coriaceous leaves. Besides the two described 
below may be mentioned G. polyanthum, Wall., of the moist forests of northern 
and eastern Bengal, Assam, Chittagong, and the Martaban hills; G. Wightianwm. 
Wall., of the Western Ghats, often on the banks of streams; and G. speclabile, 
Willd., a tall tree of Tenasserim and the Andamans. 

Species 1. G. tomentosum, Wight; 2. G. Inophyllwm, Linn. 

1. Calophyllum tomentosum, Wight. Syn. C. datum, Bedd. Poon. Vein. 
Poon„ Mai.; Pongu, Tam. ; Nagari, Mar.; Surhoni, siri, poone, bobbi, ICan. 

A very large evergreen tree with a straight cylindrical stem. Bark 
yellowish, with long wavy vertical fissures which readily distinguish the 
species (Talbot). According to Talbot it attains a great sir# in North ICanara, 
where trees 150 ft. high with a girth of 15 ft. at breast height are not uncommon. 
The timber is used for masts and spars and in bridge construction, but trees 
are far less plentiful than formerly, having been largely cleared for coffee 
plantations last century, as well as sought after for masts and spars. 

Distribution and habitat. Western Ghats from North ICanara south¬ 
wards, both on the western slopes and in Mysore and Coorg, the Palni and 
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Ficus loninnlosa, Pongamia glabra, and other littoral species. In the iOldamans 
it is characteristic, of the mixed forests of the littoral fringe on raised beaches 
or deposits of sea sand ; here it is found associated with AfzeUa bijuga, 
Mimusops KHoralis, Thespesia populnea, Terminalia Catappa, Pongamia glabra, 
Eryfhrina indict.. Hibiscus tiliaceus, Heritiera litloralis, and other species. 

Flowering and fruiting. According to Talbot, in North Kanara the 
white flowers appear in the cold season, and the fruit, a yellow or green drupe 
about 1-1} in. in diameter, ripens about March. Bourdillon says that in 
Travancore the flowers appear in Mareh-April and the fruits ripen in May- 
June, but that flowers and fruits are found at other seasons, as the tree has 
one large and two small crops every year. About 6 fruit-stones weigh 1 oz.; 
the seeds are very oily, quickly losing their germinative power. The fruits 
are readily eaten by bats, which disseminate the seeds. 

Silvicultural characters. The tree is said to be brittle and liable to 
damage by w-ind. It can be raised without, difficulty from seed provided the 
seed is sown soon after ripening. 

2. POECILONEURON, Bedd. 

Pocciloneuron indicum, Bedd. Vern. Balgi, kirballi, Kan.; Pvthan kolli, 
Tam. 

A large evergreen tree with a fairly straight bole, which attains a girth 
of 10 ft. or more. The larger trees are often buttressed, and sometimes have 
the appearance of being raised above the ground owing to the soil having 
been washed away from around the roots. It has a very hard dark red wood, 
which is used for building and has given fairly good results for railway sleepers. 

Distribution and habitat. Evergreen forests of the Western Ghats 
from South Canara southwards, from 1,500 to 4,000 ft. In South Canara it 
extends over the crest of the ghats into Mysore, where it is common in the 
adjacent forests. Mr. Foulkes notes that in South Canara it is for practical 
purposes found only in certain sharply defined patches aggregating nearly 
2,300 acres and situated mainly oh the ghat slopes. Bourdillon says that it 
is common in the south of Travancore at elevations of 1,000-3,000 ft., but 
less common in the north, and that it is generally found in clumps growing 
on wind-swept ridges. The tree grows more or less gregariously, sometimes 
forming almost pure crops. Mr. Foulkes estimated, from partial enumerations 
in 1902, that in 2,300 acres in South Canara there were some 11,400 mature 
trees 2 ft. in diameter and over, distributed at the rate of 0-2 to 8-5 mature 
trees per acre. Mr. Gass records the following results of countings made in 
1898 in three plots of 1 acre each : 

(1) Total 158 trees, varying in girth from 1 ft. to 10 ft. 

(2) .. 291 „ „ „ „ „ 1ft. to 6 ft. 

(3) „ 79 „ „ „ „ „ 1 ft. to over 6 ft. 

The first plot was in Mysore, and the other two were in South Canara. 

In the natural habitat of this tree the absolute maximum shade tem¬ 
perature varies from 90° to 98° F., the absolute minimum from 48° to 60° F., 
and the normal rainfall from 80 to 180 in. 

Flowering and fruiting. The yellowish-white flowers in terminal 
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panicles‘appear from December to April, and tho fruit ripens from June to 
August. The seeds appear to lose their vitality quickly': seeds received from 
South Canara in 1912 had for the most part gone bad by the time they reached 
Dehra Dun, and although 24 selected seeds were sown at once, only 3 proved 
fertile. Bourdillon says it seeds freely and reproduces well in Travancore. 

The seedling. The seeds just referred to were sown in open seed-beds 
in July, and germinated 1| months later. At first the growth of the seedlings 
was rapid, a height of 7 in. being reached in ten days. Afterwards growth 
was slow, and the seedlings suffered from frost in the whiter, when growth 
ceased. New growth commenced in May, but the plants died off in July, 
In their early stages the seedlings have a resemblance to those of the mango, 
except that the leaves are more leathery and the venation is not so well marked. 

Silvicultural characters. The tree is a shade-bearer. It reproduces 
abundantly from seed, and also coppices well. It is very sensitive to fire, and 
benefits greatly from fire-protection. 

3. MESUA, Linn. ■ 

Mesua lerrca, Linn. Syn. M. corornandelina, Wight; M. p&dunculala, 
Wight; M. speciosa, Clioisy ; M. RoxbvrgUi, Wight; M. sderophyUa, Thw. : 
M. pukhella, V\. and Trian. Ironwood of Assam. Vern. Nahor, Ass.; Nage- 
stoar, Beng.; Naga kesara, Tel.; A agchampa. Mar. : Naga-samgnge, Kan. ; 
AtJia, Coorg ; Nangal, Tam.; Gangaw, Burm. 
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or more, the absolute maximum shade temperature from 95° to 102? F., and 

The tree occurs on fiat,, gently undulating, or hilly ground, bnt not on 
low-lying badly drained land. It requires good drainage as well as a deep 
moist fertile soil: stiff clay is unsuitable. In Assam it occurs in the Sibsagar 
district on deep rich loam both on well-drained flat alluvial ground at an 
elevation of 310 ft., and on gently undulating ground with a subsoil of ferru¬ 
ginous gravel or sandstone. In the Jokai reserve, Lakhimpur, it is found m 
abundance on fertile sandy loam at an elevation of 450 ft. on well-drained 
flat alluvial ground raised above the level of river floods. In the Garo hills 
it forms a belt along the slopes of the central range at elevations of 1,000 to 
3,000 ft., chiefly in damp sheltered localities on deep loam resulting largely 
from the decomposition of metamorphic rocks. In Burma it occurs in similar 
localities on metamorphic or sandstone formations. 

Mesua ferrea is characteristically found in moist evergreen or semi¬ 
evergreen forest, either scattered or in' more or less pure patches or belts of 
greater or less extent. It is associated with a large number of different species, 
many evergreen anci some deciduous ; in Assam some of the chief of these are 
Artocarpus Chaplasha, Amoora Wallichii, Gedrela Toona, Quercus lanceaefolia, 
Alstonia scholaris, Dysoxylmn binectariferum, Sterculia alata, Dichopsis poly- 
aniha, Gmelina arborea-, Lagerstroemia Flos-Reginae, Terminalia myriocarpa, 
T. Ghebula. Stereospermum chelonoides. hugema Jambolana. Dillema tndica. 
Ginnamomum Gecidodaphne. Dipterocarpus pilosus, Shorea assamica, and many 
others. There is often an evergreen undergrowth, while climbers are prevalent. 
In the Assam forests the proportion of Mesua (locally called nahor) to other 
species may vary considerably. In the Nambor reserve, Sibsagar, Mr. A. R. 
Dicks has estimated that it forms 5 per cent, of the crop on the high alluvium 
on which it occurs. In the working plan for the Jokai reserve, Lakhimpur, 
Mr. F. H. Cavendish states that the tree occurs only on the higher alluvium, 
where it is found in almost pure patches up to 100 acres or more in area, 
which gradually merge into mixed evergreen forest. He divides the forest on 
this ground into three classes as follows : 

(1) Nahor dominant, forming 30-80 per cent, of the stock : about 1,000 

(2) Evergreen forest in which nahor is scattered more sparsely: about 
500 acres. 

(3) Evergreen forest containing a mixture of various species where nahor 
is hardly found: about 2,100 acres. 

In this forest a complete enumeration of nahor trees over 709 acres where 
this was the dominant species gave the following results : 

Trees over 6 ft. in girth.192 or 0-27 per acre 

» 4-6 ft. in girth. 1,857 or 2-6 „ „ 

„ 2-4 ft. in girth .. 7,660 or 10-8 „ „ 

Saplings and seedlings below 2 ft. in girth numerous. 

Peal, quoted by Gamble, gives the following account of the spread of the 
nahor in Assam from trees planted by the Burmese when they occupied that 
province : ‘ The forest, if properly studied, often yields information of a peculiar 
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kind: thus the nahor gives a clue to the density of the population compared 
to what we see now. The large, old, and crooked branching nahor trees clearly 
indicate that when young the country now forest was then open. They are 
often along the sides of old “ bunds ” (embankments) in dense forest, and 
evidently planted, and from the seed the nahor forest has sprung up, and it 
is generally as straight as the old trees are the reverse.’ 

Leaf-shedding, flowering, and fruiting. The old leaves fall 'during 
the cold season, and the new flush of red or pink leaves appears towards the 
end of tha^jseason, usually from about the end of February in Assam. The 
large scented white flowers, 2 in. or more in diameter, with numerous prominent 
yellow stamens, appear from the end of February to April, or in Assam up 1 
to May or even June (January-April in Travaneore, Bourdillon); when the 
tree is in flower it is a gorgeous sight with its masses of white blossoms, which 
are visited by innumerable bees and other insects. The time at which the 
fruit ripens appears to vary. Talbot says May (North Kanara), Kura says 
May-June (Burma), and Bourdillon says October-March (Travaneore). In 
Assam it ripens from August to October. The fruit is ovoid, pointed, some¬ 
what woody, about 1-1-5 in. long, two-valved, containing 1-4 seeds. The 
seeds (Fig. 9, a) are 0-8-1-1 in. long, ovoid or irregularly hemispherical, pointed, 
with angular sides, smooth, reddish brown ; testa hard but somewhat brittle. 
About 150-200 seeds weigh 1 lb. The seeds are very oily and soon lose their 
vitality. The tree ordinarily commences to produce fertile seed at from fifteen 
to twenty years of age. Isolated trees flower and seed abundantly almost every 
year, while in the forest good seed-years take place at frequent intervals. 

Gersiination (Fig. 9, l-e). Hypogeous. The testa of the seed splits and 
the radicle emerges from the blunter end and descends. Meanwhile the 
cotyledonary petioles elongate rapidly, enabling the plumule to emerge and 
ascend. The fleshy cotyledons remain below the ground within the testa, 
remaining attached to the seedling for several months and supplying it with 

The seedling (Fig. 9). 

Boots : primary root moderately long, thick, terete, tapering, brown, 
wiry : . lateral roots numerous, long, fibrous, much branched. Hypocotyl 
scarcely distinguishable from root, 0-1 in. long or less, stout, subterranean. 
Cotyledons petiolate, subterranean, remaining within the testa: petiole 
0-2-0-3 in. long, thick, at first fleshy, afterwards woody, inner surface flattened : 
lamina 0-9-1-1 in. by 0-6-0-8 in., thick, fleshy, and oily, unequally ovate, 
outer surface rounded, inner flattened in contact. Stem erect, terete, wiry, 
green, glabrous ; first intemode, between cotyledons and first foliage leaves, 
4-7 in. long, subsequent internodes much shorter, about 0-7-1-5 in. ; new 
shoots likewise commence with a long internode, subsequent internodes being 
shorter, up to 2-5 in. in seedlings of the second year. Leaves simple, opposite, 
exstipulate ; first few usually rudimentary and scale-like. Petiole 0-2-0-3 in. 
long, glabrous. Lamina 1-7-4 in. by 0-6-0-9 in., elliptical lanceolate, acumi¬ 
nate, base acute, entire, coriaceous, dark green and shining above, glaucous 
beneath with a waxy bloom ; young loaves delicate, drooping, pink or pale 
green; venation pinnate, midrib distinct, lateral veins numerous, fine, and 
close together, running nearly at right angles to midrib. 

The growth of the seedling is slow to moderate, a height of 6-10 in. being 
ordinarily attained jn the first season, while thereafter the growth is at the 
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rate of a few inches up to about a foot a year. The seedling stands a con¬ 
siderable amount of shade, but dislikes suppression by weeds. It is sensitive 
to cold and drought, and under forest conditions demands shelter from the sun. 

Sn.vrcur.TUKAL characters. Me,sun ferrea is a strong shade-bearer, 
particularly in youth. Frost is practically unknown in the natural habitat 
of the tree, and in the sheltered position in which the young plants grow they 
are never exposed to the risk of frost. If planted outside its natural habitat 
in places subject to frost, it has been found to be very tender, and the same 
applies as regards drought. Fire does not ordinarily occur in<$he type of 
forest in which it is found. In certain localities the trees are subject to the. 
attacks of what is believed to be a root fungus, which kills them off in groups: 
so far the sporophores have not been found, and the fungus has not been 
specially studied or identified. 

The coppicing power of the tree appears to vary. In coppice coupes in 
Assam it is reported not to coppice freely. Rai Bahadur Upendranath Kanjilal 
informs me that trees coppiced in the Holangapar reserve, Sibsagar, which 
were from 12 to 24,in. in girth, entirely failed to coppice. On the other hand, 
Jogeswar Sur wrote in 1883 1 : ‘ That nageswar coppices freely admits of no 
doubt, and I have seen a young tree when burnt down throw out strong shoots 
from the collum. Again, I once tried to kill three young plants growing in 
front of a rest-house at Kulsi by cutting them flush with the ground, hut as 
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This order, important mainly as being'the one to which the tea-plant 
belongs, contains several trees of local interest, chiefly hill species. The only 
one o! special importance is Schima Vfallidhii, Choisy. 


SCHIMA, Reinw. 


Schima Wallichii, Choisy. Syn. Oordonia inUgriJolia, Roxb. Vern. 
Chilauni, Nep., Sikkim, Duars ; Muhria sal, Ass.; Laukya, Burrn. 

A large handsome evergreen tree, attaining a height of 80-100 ft. and 
a girth of 10 ft. or more, with a tall straight bole and a dense rounded crown. 
Bark dark grey with deep vertical fissures. Wood used for building and other 
purposes, but apt to warp and split. An important tree in the outer hills of 
the eastern Himalaya and in the Duars. 

Distribution and habitat. The eastern Himalaya and sub-Himalayan 
tract from Nepal eastwards, Assam, Khasi hills, Manipur, •hills of Chittagong 
and of Upper Burma. It is often more or less gregarious. In the eastern 
Himalaya it ascends to about 5,000 ft. or slightly higher, and extends outside 
the base of the hills for some miles. In the Duars it is common in places 
mixed with sal on deep rich soil, extending for several miles from the base 
of the hills down to an elevation of about 1,000 ft. Here both species attain 
very fine dimensions: it is noticeable, indeed, that Schima in this tract is 
a particularly good indicator of very fine quality of sal forest. Here the 
rainfall varies from about 120 to 160 in. The tree is abundant in the foot-hills, 
where it is sometimes the prevailing species, and reaches large dimensions ; 
towards its upper limit it tends to become stunted. It is common in various 
forest tracts in Assam, where it is sometimes gregarious and reaches a large 
size. Mir. Jacob 1 states that it is the most common tree in the outer hills 
in western Bhutan up to 4,000 ft., but is less common in eastern Bhutan. 
In the hills of Upper Burma it is not found below 3,000 ft., and occurs asso¬ 
ciated with oaks and other extra-tropical trees : it is common on the Maymyo 
plateau. 

In its natural habitat the absolute maximum shade'temperature ordinarily 
varies from 90° to 100° F., the absolute minimum from 30° to 40° F., and the 
normal rainfall from 55 to 200 in. 

Flowering and fruiting. The fragrant showy white flowers appear 
from April to June. The fruit appears to ripen at different seasons according 
to locality and elevation. Gamble (Darjeeling list) says Novcmber-December: 
Brandis says cold season: Copeland (Manual of Arboriculture for Burma) 
says April. In the Duars (elevation 1,000 ft.) I have collected ripe capsules, 
which were dehiscing and shedding their seed, at the end of January and 
during February. The capsules -are hard,, woody, globose, fivc-valved, 0-5- 
0-7 in. in diameter. The seed is flat, pale greyish brown, with a papery wing 
extending round about three-quarters of the periphery, 0-35-0-5 in. by 0-2- 
0-3 in. including the wing, the whole reuiform in outline. The seeds are light 
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anil are spread by the wind : parrots eat them on the trees and break oS the 
capsules, which fall in quantities to the ground. The seed can be extracted 
from the woody capsules by collecting the latter immediately before opening 
and placing them in the sun for a few days, when they open and the seed is 
easily shaken out. Seed-years appear to be common: records for four suc¬ 
cessive years in the Tista division, Bengal, and in the Ruby Mines division, 
Upper Burma, showed good seeding. 

Silvicultural characters. The tree is a moderate light-demander ; 
it regenerates abundantly where sufficient light is admitted for the develop¬ 
ment of the seedlings, which are sometimes found in great profusion. It 
coppices well. 


ORDER IX. DIPTEROCARPACEAE 

This order, which contains 325 known species of trees (rarely shrubs) in 
16 genera, is confined to the Indo-Malayan region. So far as richness in 
species is concerned, India and Burma cannot compare with the Malay Archi¬ 
pelago, but in our region the silvicultural and economic importance of this 
order is very great, partly because it contains several valuable timber trees 
and partly because some of these are gregarious in character, simplifying 
scientific working and cheapening the cost of felling and extraction. Most 
species are rich in resin or wood-oil, while a valuable form of camphor is 
yielded by the camphor tree of Borneo (Dryobalanops aromatica, Gaertn. f.), 
which, however, does not occur in our region. Most of the dipterocarps are 
characterized by tall straight cylindrical boles without branches for a con- 
- siderable distance from the ground. This characteristic is particularly well 
marked in the larger species of Dipterocarpus and Hopea, whose crowns, 
elevated on long clean stems, tower above the surrounding forest. 

Leaf-shedding, flowering, and fruiting. Some of the dipterocarps 
are wholly evergreen, particularly the large species of Dipterocarpus and Hopea 
found in tropical evergreen forests. The others are chiefly near the border-line 
between evergreen and deciduous, approaching the former state in moist 
fertile localities and the latter in poor dry situations, while certain of these 
become wholly deciduous in dry regions. As a rule the leaves are shed towards- 
the end of the cold season or early in the hot season, and in the majority of 
cases flowering takes place during or at the end of the period of leaf-fail; in 
Dipterocarpus obtusifolius the flowers appear before the leaves commence 
falling. The flowers of the dipterocarps are adapted for insect pollination, 
some being scented, some large and showy as in Dipterocarpus, while in some 
species they are produced in large quantities when the trees are out of leaf. 
The majority of the dipterocarps are easily recognized from the fact that 2 or 
more of the 5 calyx lobes become enlarged in. the fruit into wings : there are 
2 such wings in Dipterocarpus and Hopea, 3>or more in Pentacme and Shorea, 
and 5 in Parashorea. In the great majority of oases the fruits fall towards 
the end of the hot season or at the commencement of the rainy season, and 
germinate almost at once. Except possibly in the case of those species which 
occur in moist tropical forest, in which the fruits fall on damp ground protected 
from the sun, an essential condition for the germination of the seed is the 
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the hot season. In some cases growth continues to a small extent during the 
rains, particularly in young trees and coppice-shoots, but in others it ceases 

Hygrophilous and xerophilous types. The dipterooarps of the Indo- 
Burinan region maybe divided into two broad types: (1) thehygrophilous or 
sporadic type, the .species of which occur on fertile ground in moist tropical 
usually evergreen forest, and (2) the xerophilous or gregarious type, in which 
the species are adapted to grow in dry or moderately dry localities and to 
endure conditions under which species of the hygrophilous type would succumb. 
The terms ‘ hygrophilous ’ and ‘ xerophilous ’ are here used in a purely relative 
sense. Strictly speaking it would be more correct to say that dipterocarps in 
general are mesophytic, but are divisible into two main types, of- which one 
has more xerophilous characteristics than the other: the line of distinction 
between the two types, however, is sufficiently well marked to warrant the 
adoption of two terms conveying the idea of contrast. 

1. The hygrophilous type. This type comprises the largest of the diptero¬ 
carps, for example Dipterocarpus twrbinatus, D. indigus, D. alat-us, D. pilosus , 
D. Grijfdhii, all species of Hopea and Balanocarpus, Parashorea stellate, and 
Valeria indica. Shorea assamica and S. Talura may also be placed in this 
type. The trees of this type grow on damp rich soil in tropical moist or ever¬ 
green forest, and are themselves typically evergreen. They occur sporadically, 
and though at times they form pure groups or patches of varying extent, tkey 
are not gregarious over large areas. This sporadic growth is due to the fact 
that there are a large number of other species competing for the ground and 
thus creating conditions adverse to gregarious growth: outside our region 
some of the species of this type are said to grow gregariously. The trees are 
shade-bearing, at all events in youth ; their existence depends on this character, 
as the forest in which they occur is usually dense. As a rule the bark is com¬ 
paratively thin and smooth, not thick, rough, and deeply fissured. The trees 
are thus ill-adapted to withstand damage by fire, to which, however, they 
are not ordinarily subjected in the evergreen forests in which they grow: 
saplings which are burnt down have poor power of recovery, and unless only 
slightly scorched arc usually killed outright. As far as is known most of the 
trees coppice badly or not at all: Beddome, however, says that Hopea 
Wighliana, var. glabra, coppices well. The forests in which trees of this type 
occur are not characterized by the presence of numerous forest grasses, but 
as a rule by a dense evergreen undergrowth. 

2. The. xerophilous type. This type includes Dipterocarpus tuberculatus. 
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in e i(her case t.lic direct rays of the midday sun arc warded off and excessive 
transpiration is minimised. Tlio young leaves of several species, notably 
Diplerncnrjtm tnhercuhlu-s. Pcnlacme Mavis, and. Skorea robusla, are red or 
copper-coloured, while in Penlacme mavis, perhaps the most xerophilous of 
all the diptcrocarps, even the older leaves often have a characteristically red 
colour; this coloration is a well-known protective device against intense light. 
B,van and Kerr ' pKiYit. out that in the case of Diplerocarpws tuberculatus 
D. obln-sifoliv-s, and Penlacme, sua-vis there are two well-marked varieties, one 
in which the young shoots and stipules are glabrous, and the other in which 

characteristic of dry rocky situations and the glabrous form of more fertile 
ground ; this differentiation of localities has not yet been established in the 
case of the other two species. 

It will thus bo seen that the broad silvicultural characters of the two 
types are well defined. Actually the species of either type may overlap where 
the respective localities meet, and it is noteworthy that trees of the xerophilous 
type reach their best development in localities approaching in character those 
occupied by species of the hygrophilous type. Thus in Burma, where the dry 
so-called induing forest meets the moist or evergreen forest, the hygrophilous 
trees Diplerocarpws turbinates and D. alatus are occasionally found njixed 
with the xerophilous species D. tubercubtws, Penlacme sua-vis . and Shorea- 
obtusa ; here the three latter species reach very large dimensions. Again, 
Shorea robusla- shows exceptionally fine development in the moist Duars tract 
of Bengal and Assam, where, the rainfall varies from about 130 to 180 in. The 
tree is here in its optimum habitat, for seedlings raised from seed sown in the 
open do not die back but shoot rapidly upwards. There is clear evidence 
that the sal forests of this tract established themselves by degrees in savannah 
lands which were regularly burnt. Continued fire-protection for thirty to forty 
years, however, has entirely altered the character of the forests, introducing 
a previously non-existent evergreen undergrowth, increasing the soil-moisture, 
and decreasing the soil-aeration : in consequence of this, alt hough the pre¬ 
viously established crop continues to flourish, the trees seed freely and the 
seed germinates well, new regeneration under the altered conditions is entirely 
unable to establish itself, and the only possible means of regenerating the 
forests, which are now for the most part too damp to burn, is to clear-fell, 
burn the dry refuse, cultivate the soil, and regenerate artificially. The case 
of the Duars forests is an instructive example of the maimer in which the 
sal, like other diptcrocarps of the xerophilous type, profits by adverse con¬ 
ditions to establish itself gregariously where the majority of species fail to 
obtain a footing, and where these conditions are radically altered, ostensibly 
for the better, it may lead to the extermination of the once dominant species. 
An alteration of conditions to this extent would naturally not be possible in 
drier localities: it is only the moister types of xerophilous dipterocarp forest 
that are, so to speak, in unstable equilibrium. 

Study of silvicultural characters. The general silvicultural charac¬ 
ters of this order have been gone into at some length because the majority 
of the individual species have not yet received sufficient detailed study. As 
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far as we know, however, the silvicultural affinities between the various species 
of the two main types of dipterocarps are strong, and the facts of which we 
are in possession regarding certain species may well form a starting-point for 
the more detailed study of other species of the same type. So far the sal has 
been studied in much greater detail than any other dipterocarp, and the 
particulars given below for this species should indicate to some extent the lines 
of study and methods of treatment for other species of the xeropliilous type. 
Among further characters which experiments or observations have so far 
shown to he common to both typos may be mentioned (1) the adverse effect 
of a thick layer of dead leaves on the establishment of seedlings and the 
advantage of burning the soil-covering m order to obtain regeneration; ’’ 2 
(2) the advantage of fire-protection to aid the establishment of seedlings and 
the absolute necessity for it in the hygrophilous type ; 2 (3) the advantage 
of light as an aid to the development of saplings even in the hygrophilons 
type, and more so in the xeropliilous type; (4) the absence of root-suckers 
as a means of reproduction : if these occur at all they are quite exceptional. 

Genera 1. DirTEROeARPUs, Gaertn. f.; 2. Hopea, Rsxb.; 3. Pbntacme, 
A. DC.; 4. Shorea, Roxb.; 5. Parashorea, Knrz; 6. Balanocarptts, Bedd.; 
7. Vateria, Linn. 

1. DIPTEROCARPUS, Gaertn. f. 

Large, in some cases lofty, trees with straight cylindrical stems. Of the 
five calyx segments two develop into large wings in the fruit. This genus 
comprises species both of the hygrophilous and of the xeropliilous types: to 
the former belong Nos. 1, 2, 4, and fi, and io the latter Nos. 3 and 5 of the 
species dealt- with here. 

Species 1. D. tnrbinatus, Gaertn. f.; 2. D. indious, Bedd.; 3. D. obhwi- 
folim, Teysm.; 4. I), pilosus, Roxb.; 5. D. tnberculatvs, Roxb.; 6. D. alatvs, 
Roxb. 

I. Dipterocarpus turbinatus, Gaertn. f. >Svn. D. laevis, Ham. Gurjun, 
ivood-oil tree. Vein. Gurjun, Beng. ; Kanijiu, hinyin-ni, Burm. In the 
Andamans tiie name gurjun is applied indiscriminately to more than one 
species, namely, D. turbinatus, D. GriffdJtri, D. alatus, and probably one or 
two others. 

A lofty evergreen tree, attaining a height of 150 ft. or more, and a girth 
of 15 ft. or over, with a long clean cylindrical bole and an elevated crown. 
Bark light grey, yellowish brown inside, exfoliating in irregular rounded Hakes. 
Locally the wood is used mainly for boat-building, dug-out canoes, and 
planking ; there is an export trade in it from the Andamans, and it has been 
well reported on in the London market. The tree is tapped for wood-oil. 

Distribution and habitat. The Andamans, Cachar, Tipperah, Chitta¬ 
gong hills, and throughout- the greater part of Burma, extending into Siam. 
The tree is not- typically gregarious over large stretches of country like D. tuber- 
culatus, though sometimes it- approaches that condition in patches. It- is found 
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along with a few other lofty spccieR it, towers above the rest of the forest. 
In Burma it is associated with Dipterocarpm alatus, Mangifem spp., Eugenia 
spp.. Zagentroeima spp., Amoora, Slerculia alata, Qarcinia spp., Bopea odorata 
(in moister localities). Artocarpm Vhaplasha, A. Lakoocha, Peniace bwrmanica, 
and others, often with an undergrowth of various palms and canes. 

In the Andamans it is found in evergreen forest, associated with other 
dipterocarps, including 1). Griffithii, D. alatus, and Bopea odorata, also with 
Arlocarpna Chaplasha. A. Gomtziana, Calophyllum spectabile, Mimusops Elengi, 
Terrmnaho hialata., Myristica Irya, and other trees, with a dense undergrowth 
of canes, climbers, and the climbing bamboo Dinochloa andamanica. 

In its natural habitat the absolute maximum shade temperature varies 
from 98° to 105° F., and the absolute minimum from 45° to 60° F., the rainfall 
varying from 60 to over 200 in. 

Leaf-shedding, flowering, and fruiting. The old leaves are shed 
early in the hot season. The rose-coloured flowers appear in March-April, 
and the fruit ripensdn May or early June (Upper Burma), germination taking 
place as soon as the seed falls.* 

Silvicultural characters. The main silvicultural characters are those 
of the liygrophilous type of dipterocarps (see p. 32). -Notes recorded by 
Mr. H. R. Blanford 1 show that the tree is very sensitive to fire. In Upper 
Burma an area where the tin bamboo (Cephalostachyum pergracile) had flowered 
gregariously was burnt ill 1914, after several years of fire-protection, in order 
to stimulate the natural regeneration of teak. In this area nearly all the 
young hmyin ( D. lurbinalvs) trees up to about 10 ft. in height were killed 
by the fire: further observations showed similar results in other localities, 
saplings escaping partially only where the fire had not been fierce. The power 
of recovery from injury by fire is likewise poor : where a sapling is only slightly 
scorched it recovers, but if badly damaged it has no power of recovery from 
the base, as in the case of D. Inbercnlatus and other fire-resisting species. Ho 
far as is known the tree neither coppices nor produces root-suckers. 

Natural reproduction. In Mr. Blanford’s observations mentioned 
above it was noticed that on areas burnt after several years of fire-protection 
ka.nyin seedlings appeared in quantity wherever there was sufficient light for 
their development. There was also a great abundance of kanyin saplings on 
areas fire-protected for some years, and from their size it was concluded that 
they first appeared when the area was brought under fire-protection. These 
observations indicate that a burnt area forms an excellent germinating bed 
for the seed of kanyin, as of many other species, but that strict fire-protection 
is necessary if the seedlings are to establish themselves. The fruits fall after 
the season of fires, and in the first year the seedlings are therefore not exposed 
to damage from this source. 

In the Andamans Mr. C. G. Rogers 2 notes that seedlings of several 
dipterocarps are generally found in the evergreen forests, but it is doubtful 
if they are able to make their way through the dense growth of climbing 
bamboo and creepers; he adds that the low density of sound mature trees 

2 Report on the Exploration of 1 lie Forests in the South Andaman and other Islands, 1906. 
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(averaging about one per acre) seems to indicate that only a very small pro¬ 
portion of the seedlings which come up ever succeed in forcing their way 
through the dense undergrowth and reach maturity. 

Silvicultural treatment. Mr. Blanford’s observations indicate that 
the treatment to be adopted to secure na tural reproduction of this and other 
similar dipterocarps of moist regions is to execute a heavy clearing of all 
cover, retaining sufficient seed-hearers,'and to burn the area thoroughly next 
season, thereafter enforcing strict protection from fire and carrying oufAhe 
necessary cleanings and thinnings. 

2. Dipterocarpus imlicus, Bedd. Vern. Chalhmc, Kan.; Kalpaini, Coovg ; 
Ennei, Tam. 

A loft.y evergreen tree attaining a height of 120 ft. or more and a girth 
of 12 ft. or over, with a tall clean cylindrical bole. Bark light grey, smooth. 
Wood reddish grey, somewhat rough, not very durable, used for interior 
construction not in contact with the ground. The tree is tapped for wood-oil. 
This species strongly resembles D. Ivrbiimlus. 

Distribution' and habitat. The Western Ghats l>om North ICanara 
southwards to Travnm-.oi-e, in evergreen forests up to 3,000 ft. The climate 
of this region is a humid one.: the absolute maximum shade temperature 
varies from 95° to 100° F., the absolute minimum from 55° to 05“ F., and the 
normal rainfall from about. 80 to 200 in. or more. 

Flowering and bruiting. The migrant, white flowers appear in 
Dceember-January, and the fruit ripens from April to early July, according 
to locality. The fruit (Fig. 10, a) is large and somewhat heavy, with two 
wings about 4 in. long. 

Germination (Fig. 10, l, c). Hypogeous. The radicle emerges from 
between the wings and curves rapidly downwards, the cotyledonary petioles 
meanwhile elongating to n length of about an inch, enabling the plumule to 
emerge from between them. The thick fleshy cotyledons remain within the 

The seedling (Fig. 10). 

Roots : primary root long, thick, terete, tapering, woody : lateral roots 
few, short, fibrous, distributed down main root. Hypocotyl scarcely distinguish¬ 
able. Cotyledons subterranean : petiole 1-1-5 in. long : lamina about 1 in. 
long, thick, fleshy, obovate. the. two contemimmate within the. fruit, forming 
an obovoid fleshy mass. Stem erect, terete, woody, densely tomentoso with 
stellate hairs, especially m the younger parts : intcrnodes, the first (between, 
cotyledons and first foliage leaves) 4-8 in., subsequent internodes 0-3-1 in. 
long. Leaves simple, first pan- opposite, subsequent leaves alternate. Stipules 
0-4-0-5 in. long, lignlate, tomentose, caducous. Petiole 0-4-0-S in. long, 
stellate tomentose. Lamina. 2-5 m. by 1-5-2-7 m., elliptical ovate, entire, 
acuminate, base rounded, upper surface glabrous, lower stellate tomentose on 
the principal veins, margins eiliate ; lateral veins prominent., 8-12 pairs. 

Seedlings 3i years old raised from .sowings under moderate shade in 
abandoned cleanngs m Coorg attained an average and maximum height, of 
3 ft. and 4 ft. 7 in. respectively. The seedling is sensitive to drought. 

Silvicultural characters. This species belongs to the hygrophilous 
type of dipterocarps (see p. 32). and its silvicultural characters and conditions 
of reproduction are somewhat similar to those ot It. ttirbinatus. 
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3. Dipterocarpus obtusifolius, Teysm. Vern. Inbo, kanyingok, Burm. 
(Specimens of inbo or kanyingdk from Thaungyin have been identified as 
D. tubemdatm var. grandifiorus). 

A large deciduous tree up to 80 ft. high; bark rough, grey, reddish brown 
inside, longitudinally fissured and slightly transversely cracked. The bole is 
usually clean, the branches spreading more or less umbrella-like above. 

Distribution and habitat. Burma, common in the hills east of the 
Sittang, and in the induing forests of the Prome District (Kura). Common 
in Cochin China, Cambodia, and Siam. The tree has habits somewhat similar 






reproduction is profuse where the rainfall approaches or exceeds 100 in. 
notes that seedlings endure shade until they reach the sapling stage ; 
en onwards an increasing amount of light is required, and mature trees 
eir heads well above the surrounding leaf-canopy. 

Diptcrocarpus tobereulatus, Roxb. Syn. D. grandiflonu. Wall. Vem. 
m.; usually known in English as ‘ eng ’. Specimens of inbo or kanyin- 
n Thaungvin have been identified as Dipteroearpus tuberculatus, Roxb., 


(1) Height 120 ft.: clear bole 54 ft. : girth 12 ft,. (F. J. Branthwaite, 

Toungoo). 

(2) ,, 100 ft.: ,. 15 ft. (F. J. Branthwaite, 

Toungoo). 

(3) „ „ 95$ ft. : „ 9ft. 4in. (G. B. Smales, Pyin 

mana). 

(4) ,, 130 ft. : „ 8ft. 6in. (R. M. Kavanagh, 

Shwebo). 

(5) ,, 130 ft.: ,, „ soft. : „ 0 ft. 9in. (R. S. Troup, Katha). 

(0) „ „ 75ft. : „ lift. 1 in. 

Distribution and habitat. The in. tree, which grows gregariously in 
a special type of deciduous forest known as indaing, described below, is found 
throughout Burma, in suitable localities, up to about 2,500 ft. and occasionally 
over, from the Myitkyina. and Upper CiundtCrh districts in the north to the 
Mergui district in the south : it occurs in the Northern and Southern Shan 
■States and extends eastward into Cambodia and Siam. The largest tracts of 
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induing forest occur between the Irrawaddy and Chindwin rivers in Upper 
Burma, where they aggregate several thousand square miles. In the Chindwin 
drainage indaing is not common north of Homalin, ivhile west of the river it 
is less common in. the Upper Chindwin district than farther down in the 
Myittha neighbourhood. East of the upper Irrawaddy there are considerable 
tracts of induing, varying in size, from the Myitkyina district in the north 
to the Mandalay district in the south. In the Pegu Yoma indaing forest is 
found to a greater or less extent flanking the outskirts of the teak forests 
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undulating la-.ul immediately to tlie east of Popa Mountain there is a patch 
of forest on volcanic ash consisting of in partly pure and partly mixed with 
teak. In some parts of Upper Burma forest of a somewhat moist type is 
occasionally found, in which in is mixed with kanyin (D. turbinates) ; here 
the trees reach very large dimensions. In the Chindwin an occasional type 
is met with on dry sandy loam consisting chiefly of large in trees with a lower 
story of oaks (chiefly Quenus spicata). The indaing forests of the hill ranges 
extend into the region of pines (Pinus Iihasya and P. Merkusii), but in these 
forests the in is often replaced by inbo (D. obtusifalius). 

The soil-covering ill indaing forest varies considerably. In the dry stunted 
open types with shallow soil there is often little or nothing growing on the 
bare latentc rock or dry grave] except occasional scanty tufts of grass. The 
soil-covering in the usual type of indaing on more or less level ground often 
consists of extensive stretches of grass, through which severe fires rage in the 
dry season (see Fig. 11). The grasses in indaing forest are well worth special 
study in connexion with the silviculture of the tree, as in the case of those 


of the sal forests of India. There is sometimes a shrubby undergrowth present 
which increases with the fertility of the soil; this, however, is not of the 
dense character found in evergreen forest, and usually consists mainly of a 
rather sparse low growth of Indigofera, Flemingia, Desmodimn, Strobilanthes, 
Inula Gappa and polygonata, Bauhinia acuminata , Thespesia Pampas, Barleria 
cristata and other shrubs, while Gycas siamensis and Phoenix acaulis are often 
very common. Bamboos are usually scarce or absent; where present the 
most characteristic species are Dendrocalamus strietes, Bambu-sa Tulda, and 
Oxyk . ' ' ’ ' 





to the degree of dryness wilich it will'stand. The most arid portions of the 
dry zone of Upper Burma are occupied by scrub forests of Acacia Catechu, 
A. levcopHoea ., and other xerophilous species, and where vn occurs it is not 
found in the driest regions. A form of poor stunted inching, it is true, occurs 
in certain portions of the dry zone, but the predominating dipterocarp is usually 
Pentacm suavis, sometimes associated with Shorea oUv-sa ; these two species 
appear to stand a greater degree of dryness than in. 

The relative proportion of m to other mdmng species varies according 
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a usual means of reproduction ; Ryan 
iced them very occasionally in Siam. 

in the hot season when the 
growth is put on during the 
nues to some extent during 


Natural ej«’ROI>uction. The fruit falls after the season of fires, and 
is therefore not exposed to the risk of destruction from this source. The seed 
germinates immediately after it falls, and when the rains break about the 
middle of May, the seedlings have a favourable start. Lack of rain, however, 
may cause failure of the seedling crop, particularly in dry localities ; thus 
experimental sowings in the Minim division in 1907 resulted in failure, the 
seed germinating successfully but the seedlings nearly all dying for want of 
rain in June. Given suitable conditions the seedlings come up in enormous 
quantities, and the profusion with which natural reproduction of in takes 
possession of the ground is one of the remarkable characteristics of this tree : 
this is well illustrated m Fig. 12. It is only where the crop is sufficiently 
open that natural reproduction establishes itself in profusion. Many of the 
more accessible indaing forests of Burma, which have been heavily overworked, 
contain dense crops of poles and saplings, the result of the free admission of 
light; these are often partly of coppice origin, though seedling reproduction 
plays a prominent part. The seedlings in their earlier stages are usually burnt 
back by the annual fires, but thanks to a thick well-developed root, great 
power of recovery from the base, and a stout- stem well protected by rough 
bark, they eventually establish themselves. 

Under certain conditions, however, reproduction fails to establish itself, 
as in the ease of very poor localities where the forest is open and the trees 
stunted, with bare rock coining to the surface or at most a- shallow covering 
of loose gravelly soil. Here the absence of reproduction is no doubt due partly 
to the fact that seed is washed away in the rains, or if it remains and germinates 
the roots cannot obtain a foothold, and partly to the fact that any seedlings 
which do spring up are killed off by drought-, since the root-system^annot- 
develop. Cases of this kind, however, are of little consequence, since even 
if regeneration were obtained the resulting forest would be so poor as to be 
of little value. There is, on the other hand, another* type of indaing where 
the scarcity or absence of reproduction gives cause for anxiety. This is the 
type consisting of a rather open crop of in trees, often of large size and excellent- 
quality, where the ground is usually covered with a plentiful growth of coarse 
grasses, with or without shrubs, but where reproduction fails to appear even 
if there is sufficient light- (Fig. 11). The natural reproduction of the in tree 
has not yet been studied in sufficient detail to explain this phenomenon by 
the results of direct experiment, but the striking similarity which the repro¬ 
duction of this tree bears in some respects to that of the sal (Shorea robmta), 
which has been studied in greater detail, may furnish a possible explanation 
of it. Assuming that light conditions are suitable, as they frequently are, 
a. possible cause of failure of reproduction, where a heavy growth of grass is 
present, is fire ; it is known, however, that- in many places in reproduction 
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establishes itself in burnt areas in spite of the presence of grass, so that although 
fire may be a contributory cause it is not the sole, and possibly not even the 
chief, cause of failure. It is more probable that unfavourable soil conditions, 
expressed by the term bad soil-aeration, are the primary cause; the remarks 
on this subject in-respect of sal seedlings (pp. 84-86) may help to throw some 
light on the question. If this is in reality the primary cause, then it may be 
possible, as in the case of the sal, to stimulate reproduction by hoeing the soil 
thoroughly and, if necessary, sowing freshly collected seed. 

Observations regarding the effect of fire-protection on the regeneration of 
induing forest have not yet revealed any definite results. The tree regenerates 
so freely in annually burnt areas that under ordinary conditions expenditure 
on fire-protection, except possibly during the early stages in the establishment 
of the young crop, seems hardly justified in the absence of very marked 
beneficial effects on the establishment of reproduction or the development of 
the crop. Annual fires do not damage the timber to any extent except in the 
case of trees tapped for wood-oil, and this custom is not permitted where 
regulated working is in force. > 

If the analogy between in forest and sal forest holds good, then fire- 
protection is likely to have an adverse effect on the germination of the seed 
and the establishment of the seedling owing to the layer of dead leaves on 
the. ground: In the ease of the sal it has been proved by experiment that 
seed falling on a thick layer of dead leaves may entirely fail to germinate if 
exposed to the sun, while under shelter, although the seed germinates and 
the seedlings develop during the first rainy season, their roots fail to reach 
the mineral soil, and the seedlings die off during the ensuing dry weather. 
If this happens in the case of the sal it may be expected to be even more 
pronounced in the case of the in, whose leaves are much larger and stiffer. 
In fire-protected in forests, therefore, the burning of the accumulated dead 
leaves in good seed-years, before the fall of the fruits, may be found to be, 
a necessary measure for securing reproduction. An instance of the beneficial 
effects of burning combined with the admission of light, is recorded in the Burma 
Forest Report for 1914-15: plentiful reproduction is said to have sprung up 
in the Yetkanzin reserve, North Toungoo, as the result of burning an area 
in which bamboos had flowered and which had previously been fire-protected 

Silvicultural treatment. Induing forest is well adapted for con¬ 
centrated regeneration with the view of producing a succession of even-aged 
crops. This treatment has recently been introduced in Mr. A. P. Davis's 
working plan for the Indaung working circle. 1 A rotation of 120 years has 
been adopted tentatively and divided into four regeneration periods of thirty 
years each. Li the first periodic block the number and frequency of the 
regeneration fellings are not fixed, but a maximum of three fellings is laid down : 
often only a single final felling will be necessary, since natural reproduction 
of in is plentiful. Blocks not under regeneration will he treated under selection 
fellings with a minimum girth limit of 8 ft. for sound trees. 

Rate or growth. Accurate figures based on sample plot measurements 
are not yet available. In the Rangoon Plains working plan (J. J. Roric) it 
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hygropbiloiis or sporadic type (see p. 32). It stand* a considerable amount 

2. Ilopea parviliora, Bedd. Vern. Kongu, vellai konqu, Tam. ; Bovutrmra, 
Hmlbnqhd, Idrpn, Kan. : Thambagam, kambagam, Mai., Trav. ; Iruppu, Coorg. 
Iron wood of Malabar. White kongu (Tinnevelly). 

A very large handsome evergreen tree with a dense crown, conical in 
youth, reaching a height of 120 ft. and a girth of 15 to 18 ft. and exceptionally 
more, and producing a straight clean cylindrical bole 60 to 80 ft. long. Bark 
light brown or greyish mottled with white markings, smooth in young trees, 
somewhat rougher and rusty brown in older ones. Leaves bright green, about 
2-4 in. long. The wood is a valuable one, hard, heavy, and durable, used for 
building and boats. Mr. P. M. Lushington records a case of a large tree felled 
in the Tinnevelly district which is said to have produced over 200 rafters of 

Distribution and. habitat. Coorg, up to 2,500 ft., South Canara, 
Malabar, Travancore, and Tinnevelly, in moist tropical eyergTeen forest. 
Foulkes says that it prefers rich deep moist soil, growing best on river-banks 
and m moist valleys, but will thrive even on dry hard laterite, which it prefers 
to gneiss. Mr. P. M. Lushington, 1 writing of the tree in Tinnevelly, says he 
dias seen it m several places growing with or close to Pterocarpus Marsupimn 
in the moister parts of the higher deciduous forests, but that more frequently 
it grows with Pterospermum spp., Vitex altissima, Diospyros spp., and Filicium 
decipiens : he says that there are often patches of nearly pure Hoped forest, 
and that it is a tree which is nearly always found in large patches. In Tinnevelly 
its area is decidedly limited, but regeneration is said to be good, and there 
appears to be no likelihood of its diminution. In this district Hopea■ parviflora 
is known as Vellai kongu or white kongu, and Balanocarpvs ulilis as harm 
kongu or black kongu, and on the occurrence of these two trees Mr. Lushington 
remarks : ‘ The lov-est elevation at which I have found kongu is just below 
1,000 ft. . . . and the highest . . . 2,800 ft. The lowest were the black variety 
and the highest the white : but between these two elevations both kinds are 
found very commonly growing together. It is essentially a semi-shola tree, 
and seems to prefer a rich soil, hut I have found well-grown saplings growing 
out of the crevices of slab rock on the banks of the Servi Ar and Kudivarai Ar, 
and both species seem able to support themselves in such situations. One 
fact in connexion with kongu has particularly struck me—it is found mainly 
on the hill-sides bordering on large rivers, and even when a little distance 
away from the river it is invariably on the bank of a ravine. The close proximity 
of running water appears to be essential to its growth.’ 

Bourdillon 2 says that it is abundant and gregarious in the interior forests 
of Travancore which have not yet been worked, especially from 1,000 to 
2,000 ft.; at low'er elevations it is less gregarious, and is found chiefly along 
river-banks. Writing in the Indian Forester , 3 he says it is found in most of 
the evergreen forests between sea-level and 3,000 ft., and at all elevations it 
is found scattered through the forest, often in groups. ‘ In the low country 
he adds, ‘ it is generally to be seen on river-sides, but this is because it has 
1 Ind. Forester, xxix (1903), p. 431. 1 Forest Trees of Travancore. 

3 Ind. Forester, xxx (1904), p. 18. 
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been cleared away from the adjacent land, for where groves or pate lies of 
forest have been left this tree is found in (hem, even far from water. At the 
same time it is a tree that likes moisture, for it thrives in swampy patches 
where other trees would die.’ 

Iu its natural habitat the absolute maximum shade temperature varies 
from 95° to 100° F., the absolute minimum from 66° to 65“ F-. and (he normal 
rainfall from 35 to over 150 in 

Flowering and bruiting. The-small cream-coloured fragrant Mowers, 
ill grey-tomentose panicles, appear m ,Tan miry and February, and the fruit 
ripens in May and June. The light find, (Fig. It. a) has two straw-coloured 
wings less than 2 in. long, the nut being 0-25 m. long; it is thus capable of 
being blown to a. considerable distance. As m other diptorocarps the seed 
germinates soon after reaching the ground, and quickly loses its germinative 
power. The tree seeds freely at frequent intervals. 

Germination (Fig. 14, 6-tf). Epigeons. The shell of the nut cracks and 
the radicle emerges from near its apex, curving downwards and ra.pirtlv lorm- 
ing a taproot. Meanwhile the elongation of the hypoeotyl withdraws from 
the fruit the flpshy cotyledons, which expand arid are carried above ground, 
the young shoot appearing from bet,ween them. 

The seedling (Fig. 14). 

Roofs : primary root moderately long and thick, terete, tapering, woody : 
lateral' roots moderate in number or numerous, short to long, fibrous, dis¬ 
tributed down the main root. Hypoeotyl distinct from the loot, 0-8-1-5 in. 
long, terete, slightly fusiform, minutely tomentose. Cotyledons : petiole 
0-15 in. long, thick, somewhat flattened, minutely pubescent i lamina divided 
nearly to the. base into two thick fleshy angular lobes 0-25-0-4 in. long. Stem 
erect, terete, woody, young parts minutely tomentose. Intornodes. first 
(between cotyledons and first, foliage leaves) 1 •5-2-5 m. long, subsequent 
internodes 0-1-1-3 in. long. Leaves, first, pan- opposite, subsequent, leaves 
alternate. Stipules 0-05-0-1 in. long, narrow triangular acuminate, tomentose. 
caducous. Petiole 0- 1-0-15 in. long, minutely tomentose. Lamina, first pair 
1-2-1-9 in. by 0-35-0-6 in., subsequent leaves 0-7 2 7 by 0-25-0-9 m. long, 
ovate lanceolate, acute or acuminate, base rounded or acute, entire, glabrous, 
but midrib on under surface, of young leaves minutely pubescent and margins 
sometimes with a fringe of minute hairs: lateral veins 6-12 pairs. 

Seedlings ordinarily attain a height ol 3-8 in., with 6-12 leaves, by flu- 
end of the first season. In Goorg young plants four years old attained an 
average and maximum height of f ft. 16 in. and 3 ft, 2 m. 

Silvicultural characters. The main silvicultural characters are those 
of the hygroplnlous type of dipterocarps (sec p. 32). Foulkcs says it lias 
a long deep taproot with few lateral roots : this would enable it. to grow on 
comparatively dry situations, as il appears to do at (lines, (he. roof, penetrating 
to moister strata below. He adds that it is a strong shade-hearer, hut that 
light requires to be admitted in t he ease of saplings mote than three years old. 
Bourdillon says that poles are not often seen in dense forest. ns they cannot 
hear very heavy shade. The tree is more hght-denianding than Ralonornrpns. 
with which it is associated in Timicvclly. 

Natural BEPRonircnox. The tree regenerates naturally with freedom in 
South Clanara. Fowlkes remarks that it does so belter than any other species 
except Xylia. Bouidillon says that seedlings may la- found under the. parent 
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trees in vast- numbers, but that they cannot establish themselves under heavy 
shade ; he adds that young trees are often seen springing up on land that has 
been (Beared by hillmen and abandoned, and also on abandoned coffee estates 
under the shade of bushes and small trees. The light winged seed is adapted 
for regeneration on open spaces of this kind. Cleanings have been found to 
be beneficial to the establishment, of natural reproduction. 

Experiments carried out by Mr. H. Tireman in Coorg in recent years 
indicate that the seedlings require protection from the sun only in the first 
year or two, after which the removal of the cover greatly stimulates growth 
and assists in the establishment of reproduction, which often appears in dense 
masses, particularly in small clearings. 

Hopea parvifiora sometimes regenerates freely in the more open teak 
plantations of Malabar, forming an underwood to the teak (see Fig. 15). 

As regards the effect of cutting Strobilanthes on thenatura] reproduction of 
this tree, Forest Ranger 0. P. Garudachellam 1 notes that in the South Canara 
district over an experimental area of 5 acres covered with Hopea seedlings 
StrobihntJies was cut during 1913-14, and that an inspection after the heavy 
monsoon rains showed that this greatly stimulated the development, of the 
Hopea seedlings. 

Artificial reproduction. In South Canara crops have been raised 
successfully by broadcast sowings in moist situations or under moderate 
shade; these sowings have proved cheaper and more successful than trans¬ 
planting seedlings, an operation which requires a good deal of care. Overhead 
cover requires to be removed after two or three years. Bourdillon says that 
in Travancore artificial propagation has not been attended with success : 
seeds sown in nursery beds do not readily germinate, and the plants which 
are produced are sickly. He adds that plantjs collected from the forest and 
planted out fail in large numbers, probably owing to their long taproots 
having been broken in moving them. 

Silvicultural treatment. Mr. P. M. Lushington, writing of the treat¬ 
ment of Hopea (white kongu) and Balanocarptis (black kongu) in Tinnevellv, 
says : ‘ The difference in the leaf and the nature of the seed must entail con¬ 
siderable differences in the silviculture of the two species. The black kongu, 
with its large and heavier leaf, is more qf a shade-lover than the white variety. 
The difference in the seed is evidently due to the same cause. 'Die lightness 
of the white kongu seed, with its attached wings, causes it to spread over 
a much larger distance and to settle in places where there is plenty of light. 
The heavy seed of the black kongu falls directly to the ground, and under tin- 
shade of the parent tree hundreds of young seedlings readily spring up. A 
mixed forest of the two kinds of kongu would bo similar to the. mixture of on I; 
and beech in Europe, and in order to favour white kongu there must be larger 
clearance overhead. There should be no difficulty, therefore, in raising pure 
forests of the two species, taking precautions that the white variety is not • 
suppressed. As the white variety springs up more quickly when a clearance 
is made, it should get a start, of the black which will be favourable to both 
species. As a result it ap|iearx that a treatment of regular jugn lores! witn 
thinnings should be particularly applicable, and the more the two trees can 
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from the Konkan southwards to Tinnevelly: often gregarious along river- 
banks and in the low coast, country. Bourdilloh says that in Travancoro it is 
n (.ban H. parvjftora, and as far as lie lias observed, is con- 
'n former times, when evergreen forests spread 
all over the low country, it was doubtless common enough, but at present 
only a few trees are mot with in groves or on tile sides of rivers. In its natural 
habitat the absolute maximum shade temperature varies from 95° to 100°-E., 
and the absolute minimum from 00“ to 65° E.. the normal rainfall varying 
from 35 to over 150, in. 

Flowebjng ahd ramwio. The flowers, which are yellow or white tinged 
with red, appear in March and April, and the fruits ripen m May and June ; 
the wings are 2-3 in. long by 1 in. wide, bright crimson, and the trees are 
very handsome when covered with the crimson fruits towards the end of the 


Silvicultural characters asd treatment. The mam silvicultural 
characters are those of the hygroplnlons type of dipterobarps (see p. 32). 
Beddome says that H. Ik iqUiana var. <ilabm (H. qlabra . W. and A.) coppices 
well. As far as is known the silvicultural treatment proposed for IP parviflom 
would be equally applicable to this species. 


3. PENTAOME, A. DC. 

Pentaeme suavis, A. DC. Svn. P. mame.nsis, Kura ; Shores siaineims, Miq. 
Vern. Inyyin, Burm. 

A large deciduous, usually gregarious tree, reaching a height of 80 ft. or 
more and a girth of 10 ft. or over; Mr. A. Rodger records one of 16 ft. in the 
Ruby Mines district. Bark thick, rough with deep vertical fissures and with 
transverse cracks, dark grey, reddish brown inside. Wood very hard and 
durable, much in demand for building purposes. Lac is sometimes produced 

Distribution and habitat. Throughout Burma, in induing and in dry 
deciduous forest. It extends to a good many localities where iJi'pU'rocarpv.s 
lubemilatm is absent or comparatively rare, as in parts of the dry zone of 
Upper Burma and on many dry ridges throughout the country. In Tenasserim 
it is less common than in other parts of the province. 

Indaiwj forest, so typical of lnterite formations, has already been described 
under Dipterocarpvs tubemdatns, the in tree, which forms the principal con¬ 
stituent of the normal form of rndwnnj : Penlacmc snarls ( inyyin) and Shorea 
obtvsa ( thifya) together are the two most, important companions of the in, 
all three species occurring gregariously together. The. relative proportion of 
in. oil the one hand, and -myyvn and llah/a on the. other, varies considerably ; 
tile two latter usually occur together, though there arc exceptions lo this, 
while the in is occasionally found without the other two. Inyyin and Ihilya, 
on the other hand, are often found without in, particularly on ridges and 
other dry localities, for they appear to be able to survive, in less favourable 
situations than the latter s)iecies. Apart from lnterite, t hey arc most commonly 
found on dry sandstone formations and sometimes on red clay. They may lie 
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said to occur in varying types of forest from induing of the normal type through 

associates, and may be found even in fairly moist types of forest, ©g. 16 
shows a good quality of indaing forest in which Pentacme swivis is the most 
plentiful species. 

Some examples of the occurrence of this tree may be quoted. On some 
of the dry ridges of the Chindwin drainage ingyin and Ihitya occur on sandy, 
often shallow soil, associated with oaks (Quercus sjneata and Q. Brandieiana), 
Buchanania latifolia, Strychnos Nux-blanda, Garuga pinnata, Gardenia erythro- 
clada, and Cycas siamensis. In parts of the dry zone of Upper Burma they 
occur on sandstone formations, in which silicified wood (Burmese ingyin- 
kyank) is sometimes found, the soil often being poor and shallow. Here ingyin 
and ihitya of rather small dimensions are found associated with other trees 
of stunted growth, of which the chief are 'Terminals, tomentosa, Diospyros 
burmamca, Phyllanthus Ernbhca, Acacia leucophloea, A. Catechu, Buchanania 
latifolia., Teclona Hamilloniana, Xylia dolabriformis, Odina Wodier, ScMeichera 
trijuga, Dalbergia*paniculata, and Cassia renigera. In the driest places ingyin 
and Ihitya give place to Tectona, Hamiltoniana,, Tcrminalia Oliveri, Acacia 
Uucophloca, A. Catechu, and other species typical of the dry zone. 

In the Pegu Yoma, where the formation is sandstone and shale, ingyin 
and Ihitya■ become more plentiful towards the north of the range, where the 
climate and the type of forest are drier than in the south. Thus in the Sinthe 
reserve of the Pyinmana division, which borders on the dry zone, the rainfall 
being about 40 in., ingyin and ihitya are the commonest species, forming 
13-2 per cent, of the total growing stock as against 7-6 per cent, for teak and 
1-2 per cent, for in. In the Pozaungdaung reserve of the same division they 
form 10-4 per cent, of the growing stock as against 7-1 per cent, for sound 
teak, while in the East Yoma, Satsuwa, and Tindaw reserves of the Thayetmyo 
divisions they form 7 per cent., of the stock as against 15 per cent, for teak.' 
The reserves in question are primarily teak reserves, the ihitya and ingyin 
occupying mainly the drier sandstone ridges, and these figures therefore 
indicate that a very considerable quantity of ingyin and ihitya occurs along 
these ridges in the drier types of mixed deciduous forest in the Pegu Yoma. 
Associated with them in such localities are Pterocarpus macrocarpus, Terminalia 
tomentosa, Odina Wodier, with rather stunted teak and Xylia dolabriformis, and 
often Dipterocarpus tuherculatus. Where bamboos are present the commonest 
species are Dendroca-lamus striclus in the driest situations, and Oxytenanlhera 
albociliaia, Cephalostachyum pergracile, and Bambusa polymorpha elsewhere. 

Ingyin and Ihitya are not necessarily confined to poor dry localities. 
They sometimes occur in fairly moist fertile tracts, even associated at times 
with kanyin (Dipterocarpus turbinatus and alatus), and here the trees attain 
very large dimensions. There is often a comparatively heavy undergrowth 
in such localities. In the better types of indaing forest, also, where ingyin 
and ihitya are mixed with in, they often attain large size, trees 10 or 12 ft. 
in girth being not uncommon. 

As regards climatic conditions, ingyin and Ihitya in their natural habitat 
occupy regions where the absolute maximum shade temperature varies from 
100° to 110° E., the absolute minimum from 35° to 50° F„ and the normal 
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4. iSHOREA. Roxb. 

Seven species in the Indo-Burman region. Fruit .with three long wings. 
Species 1. 8. robusta. Gaertn. f.; 2. .S'. Tmiibuggaio. Roxb.; 3. 8. obiusa, 
Wall.; 4. S. Talura, Roxb.; 5. .S', assatnicn, Dyer. 

. 1. Shorea robusta, Gaertn. f. Sal. Yern. 8al sd ¥ . sahm, sdl'hv. Hind. ; 
Salewa, Nep.: Slid,].. Beng.; Saliva, soringhi, Uriya. : Sarai, rinjal. C.P. ; 
Ougal, Tel. 

A large gregarious tree, seldom quite lea Hess, will) shindig foliage, the 
mature leaves somewhat coriaceous. ovattf-oblong, usually about. 4-^ in. long. 
1 -louni. Sinm Soc.. viii (I). 
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by forests of Acacia Calitr.hu and Dalltergia Siwoo, or at a later stage by dry 
miscellaneous forest. (Swampy tracts in the neighbourhood of the sal forests 
are also avoided by the sal, which cannot survive the permanent excess of 
soil moisture ; such ground is occupied by typical swamp trees, such as 
Eugenia Jambolana, Trcwia nudiflora,, Diospyros Embryopterie, Bisckofjia 
javamca-, and others. It. is not the water as such that the sal avoids, but 
the bad drainage causing a want of sufficient aeration in the soil: actually the 
tree will grow with its roots in running water. 

The most favourable soil for the growth of the sal is a well-drained moist 
deep sandy loam with good subsoil drainage, and hence the tree thrives well 
on deep boulder deposits overlain by a sufficient depth of fertile porous loam. 
On some of the deep boulder deposits and elevated river terraces flanking the 
outer Himalaya the sal thrives extremely well and reaches large dimensions. 
An excess of clay in the subsoil, on the other hand, produces stunted and 
unhealthy growth, as will be seen in the description of forest types given 
below. In the alluvial tracts of the plains the sal is usually of better quality on 
the high ground which frequently skirts the banks of streams, and may extend 
for a distance of some hundreds of yards from them, than on the lower ground 
farther from the streams. The explanation is probably to be found in the 
greater porosity of the soil and the better drainage in the case of the high 
ground near streams than on the lower ground where water collects annually 
in the rains, bringing with it fine clayey particles which settle year after year 
in the soil and render it impervious to air and water. 

The distribution and character of the sal forests of the sub-Himalayan 
tract, as will be seen presently, are influenced in no small degree by the bhabar 
and farm formations. The former is a stretch of deep dry boulder deposit 
skirting the base of the outer hills. It commences some distance to the east 
of the Ganges and stretches eastward to Assam, with occasional breaks. In 
the United Provinces its maximum width is about 13 miles, and it slopes 
down from about 1,200 ft. at the base of the hills to about 800 ft. at its outen 
limit. This bhabar deposit is extremely porous, and all but the larger rivers 
and streams sink into the ground on issuing from the hills, their beds remaining 
dry except in the flood season. The surface of the bhabar tract is waterless, 
though cultivation is carried on by irrigation with the aid of masonry canals 
and channels. The natural water flows at a great depth below the surface 
until it reaches the outer limit of the bhabar tract. Here it is brought to the 
surface by underlying clay deposits, and a series of springs marks the com¬ 
mencement of the fora*, a tract of swamps, quicksands, and streams full of 
water, sometimes of considerable depth. In the United Provinces the maximum 
breadth of the tarai is about 8 miles, and it slopes gently down from about 
800 ft. to 650 ft. at its outer limit, where the land of swamps is left behind 
and the plains of northern India commence. The types of sal forest on the 
bhabar, larai, and plains will be considered in the next section. 0 

As regards underlying rock, in the sdb-Himalayan tract the sal occurs 
on the older Himalayan rocks of the outer ranges, consisting chiefly of shale 
or mica schist with occasional limestone; on the tertiary sandstones, shales, 
and conglomerates of the Siwalik range flanking the Himalaya proper; and 
on the deep boulder deposits skirting the base of the hills and lining the outer 
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valleys im many places. Where pure limestone appears within its region, the 
sal seems to avoid this rock; it thrives well, however, where the soil consists 
partly of limestone debris, and it may be concluded that the objection is not 
to the lime itself but to the physical properties of the limestone rock, which 
is too dry for the sal. In the Dun sal avoids the dry shallow soil overlying 
calcareous tufa, which forms a hard pan. In the sub-Himalayan tract of 
Assam the sal occurs on the schists of the outer Himalaya and on granitic 
rock, as on Singri hill in Darrang, as well as on the sandstones and con¬ 
glomerates of the lower hills and the deep boulder beds flanking the outer 
ranges. In the Guma reserve of Goalpara it occurs on a red later!tic formation 
overlying boulder beds. 

In its central Indian or peninsular region the sal occurs on a variety of 
geological formations, of which the chief arc gneiss, mica schist, quartzite, 
shale, sandstone, and laterite ; it is found occasionally on limestone, and also 
occurs on alluvial ground overlying older rooks. The sal does not necessarily 
occur on all these rocks in different localities. In the drier regions it may 
be absent from a geological formation which it frequents in*a moister climate, 
while the local form of a particular rock may effect the occurrence of sal on 
it. The central Indian region comprises for the most part forests of a some¬ 
what dry type, and hence the occurrence of sal is determined largely by the 
hygroscopicitv. of the rock and soil. A noteworthy instance of tiffs is its 
almost complete absence on the Deccan trap, where its place is taken by the 
teak. In the few eases in which sal enters the trap region it occurs, as a rule, 
sparsely and in stunted form, but there are exceptional cases m which sal 
forest of very fair quality occurs on trap. This avoidance of trap is evidently 
due to the fact that this rock and the soil produced by it are not. sufficiently 
retentive of moisture, since on the edge of the trap a comparatively small 
admixture of decomposing laterite may produce a soil on which sal can thrive. 
Where sal does grow on trap this is no doubt due to the fact that the subsoil 
water-content is higher than is usually the case on this geological formation. 
Sal thrives well on laterite provided it is in a sufficiently decomposing state 
to produce some depth of soil: on hard laterite with a shallow soil it is stunted 
or may be entirely absent. The tree is not averse to highly ferruginous soils. 
Sal forest of very fair quality occurs in Ringhbhum on hills consisting of 
haematite which is in process of being mined ; the sal roots penetrate through 
even the most highly ferruginous portions of the ore. 

Among other examples of the effect of geological formation on the 
distribution of the sal, it may be mentioned that in the Bilaspnr district of 
the Central Provinces sal occurs mainly on gneiss and day schist, stopping 
short on the appearance of sandstone, which is here almost in the form of 
quartzite, and avoiding limestone; the two latter formations appear to be 
loo dry for the establishment of the sal. In the Jubbulpur district various 
geSlogical formations meet ; sal is, practically speaking, confined to the Upper 
Gondwana formation, consisting of earthy sandstones and clays, while teak 
adheres to the trap and Vindhyan areas, the latter comprising more porous 
sandstones with shale and limestone. 

Types of forest and local occurrence. The sal is one of the most 
gregarious of Indian trees ; it tends to regenerate in masses where conditions 
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are favourable, I 1<1 to grow up in more or less even-aged crops of) varying 
extent, in which it is pure or forms the bulk of the stock in mixture with 
other species. Even-aged more or less pure crops of appreciable extent are 
particularly characteristic of flat or gently sloping ground which was formerly 
devoid of Iren growth, for example, grassy savannahs or abandoned cultiva¬ 
tion ; here, it conditions are favourable, the sal springs up in gregarious masses, 
often forming crops of great density (see Fig. 17). Where grassy blanks occur 
within the sal forests the sal tends to spread gradually into them and to 
re-stock them. Fig. 18 shows sal pole forest bordering a grassy blank, and 
gives an idea of the gregarious character of the .tree. On grassy savannahs 
the sal also tends to spread outwards from isolated seed-bearers or groups of 
seed-bearers ; small pure even-aged groves of sal are thus formed (Fig. lit). 
These in course of time spread outwards by degrees, sometimes forming 
a series of even-aged crops in different stages of development. 

Although the natural tendency of the sal is to spring up gregariously 
and to form even-aged crops, it also occurs frequently in uneven-aged crops, 
and may also be found more or less scattered by single trees or in small patches 
among various other species. This is frequently seen in hilly or broken 
country, where conditions for reproduction and growth constantly vary from 
place to place within narrow limits of area. It is also seen in eases where sal 
is gradually encroaching into miscellaneous forest, or where it is being gradually 
ousted by other species. Cases of the former are frequent in the bhabar tract 
of tlie United Provinces, while eases of the latter may be noticed in the moist 
lorests of the Bengal Duars, where the sal is being ousted by evergreen 

Tile sal is associated with various other species, some of which are 
characteristic of distinct types of sal forest. As these companion species 
differ to some extent in different localities they will be considered in dealing 
with local types. In some localities sal in mixture with bamboos ( Dendro■ 
calamus Uru-fus) is not uncommon, particularly on hilly or undulating 

fcal forests in general can be separated into two extreme types, the dry 
and the moist types : between the two various gradations occur. The dry type 
is characteristic ol dry and often hilly country, denuded or hard ground, and 
shallow soil ; m this type the commonest companion of the sal is Buckanania 
tulijoha, and m some localities Diospyros tomentosa or D. Mdanoxylvn. Dry 
types are well represented in the. central Indian region and in the western 
part of the northern region. The extreme of the moist type is seen in the moist, 
sal forests of Bengal and Assam, where the sal is associated with various 
evergreen species. Intermediate types, tending towards the moist rather than 
the dry type, may be found in many parts of the United Provinces and in the 
fertile valleys of (Jhota Nagpur. 

.Sal forests are inseparably connected with grass-lands, which may consist 
of small grass-covered blanks within the forests or of extensive savannah 
tracts within or adjacent to them, and into which the sal tends to spread 
where conditions are favourable. The savannah grasses are excellent indicators 
of the suitability or otherwise of a given locality for the growth of sal. An 
account of the more important grasses of the Debra Dun neighbourhood has 
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west bank of (he Boas on an isolated hill, where with Quercus incana it forma 
an underwood to Finns longifolia. Farther east in the Siwaliks it occasionally 
forms pure patches on Hat-topped hills, but as a rule occurs as an underwood 
to Finns longifolia. The rainfall is about 50-6.0 in. The only other sal tract 
in the Punjab is the Kalcsar forest in the Ambala district on the west bank 
of the Jumna river. As it is near its northern limit, and suffers from frost, 
the sal does not attain large dimensions. This forest marks the western limit 
of the great sub-Himalayan sal tract which stretches eastward to Assam. 

United Provinces. Sal forests occur in a more or less continuous belt 
along the sub-Himalayan tract and outer hills from the Jumna to the Gandak 
river, and extend some distance into Nepal. The chief companions of the 
sal are Terminalla tomenlosa (often on clay), T. belerica, T. Chebula (local), 
Lagerstroemia parviflora, Eugehia Jambolana (in moist types), E. operculata 
(especially in grassy tracts), Adina cordifolia, Stephegyne paruifolia, Stereo- 
spermum suaveolens, Ouqemia dalbergioidcs, Milium velvhna, Saccopetalum 
tomenlosum (Oudh), Holarrhena antidysenterica, Wrightia tomenlosa, Mallotus 
philippinensis, Gafuga pinnata, Kydia calycina, Buchanania latifolia (common 
in the drier and hill types), Schleichera trijuga, Odina Wodier, Cassia Fistula, 
Anogeissus latifolia, Butea frondosa, Bauhinia malabarica, Casearia glomerata, 
C. tomenlosa, Bridelia. retusa, Dillenia pentagyna and D. aurea (plains forests 
of Oudh), Careya arborea, Phyllanthus Emblica, Diospyros tomentosa (in dry 
types), Semecarpus Anacardium., Randia dumetorum. Gardenia turgida (on 
grass-lands), Croton oblongifolius (Oudh), Cordia Myxa, Ehretia Jaevis, Grewia 
spp. and species of Ficus, of which the commonest is F. bengalensis. 

The most important climbers in the sal forests are Bauhinia Vahlii, 
Spalhololms Roxburghii, and Milleltia auriculata. 

The sal forests of the United Provinces may be classified broadly, accord¬ 
ing to topography, into (1) forests of the hills and narrow valleys, (2) forests 
of the river terraces, (3) forests of the duns, (4) forests of the submontane and 
hhabar tracts, (5) forests of the tarai and plains. This classification is a some¬ 
what arbitrary one, and it is not always easy to draw a sharp line between 
the broad classes ; a classification of this kind, however, is convenient for 
descriptive purposes. 

1. The hill forests vary greatly in type and quality. In the outer Himalaya 
the sal ascends to 4,000 ft., and exceptionally to 5,000 ft. Towards its upper 
limit it is associated, in somewhat stunted form, with Pinus longifolia. In 
a few places the pine descends into the valleys, where it may be found mixed 
with the sal: here the latter suffers from frost, and in fire^protected areas the 
pine is tending to spread and supplant it. On the upper and drier hill-slopes 
the sal occurs mainly in patches in moist depressions and on cool aspects, the 
hotter and more exposed slopes being clothed, as a rule, with dry mixed forest. 
On the upper slopes the sal is usually stunted ; its commonest companion 
here is Buchanania latifolia. East of the Ganges the sal is often associated 
with bamboos (Dendrocalamus slriclus). On the lower slopes and in the ravines, 
where the soil is moist and fertile, it often reaches vei ry large dimensions, and 
produces a tall straight bole ; its chief companions here are Terminalia tomen¬ 
tosa, Adina cordifolia of large size, and moisture-loving species such as Eugenia 
Jambolana, Bischoffia javanica, Cedrela Toona, and others. In some types of 
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outer hill forest the sal tends to grow less pure than in the plains, even where 
the locality suits it well. Many exceptions occur however, one of the most 
marked being seen in the case of gentle slopes on boulder formation, where 
dense nearly pure even-aged crops occur, sometimes of good quality, sometimes 
rather stunted. These crops appear to have arisen on former open blanks 
which were probably cultivated at one time. Areas formerly under cultivation 
in the outer hills are sometimes marked by the presence of sal pole crops with 
a plentiful admixture of Ougeinia dalbergioides. The latter is one of the first 
species to make its appearance on abandoned cultivation in these tracts, and 
the sal comes in when a favourable year for reproduction takes place, and 
makes its way through the Ougeinia. 

Sal of small size is found throughout the dry Siwalik hills of the Saharanpur 
district, on tertiary sandstone, shale, and conglomerate. Here its chief 
associates are Buchanania latifolia, Anogeissus latij'olia, Stereosperrnum suaveo- 
lens, Ougeinia- dalbergioides, and in dry places Coehlospermum Gossypium ; the 
palm Phoenix hmnilis frequently accompanies it, and on the higher ridges it 
is mixed with Pinus longifolia. It is seen at its best in sheltered ravines, 
where it forms gregarious patches of well-shaped poles which, however, do not 
reach a large size ; in such places its chief companion is Buchanania latifolia. 

2. Sal forests of the river terraces. These forests are situated at the base 
of the outer hills and along the chief river valleys on elevated fiat or slightly 
sloping boulder terraces. The soil is deep, porous, and well drained, and the 
water-level is usually at a considerable depth, the terraces often being at 
a height of 150 to 200 ft. or more above the level of the stream. On these 
terraces sal occurs in ■well-stocked, even-aged, and remarkably pure crops. 
These terraces contain some of the best sal forest, in the province, the growth 
and quality being as a rule excellent, and the trees reaching a great height 
in favourable localities. 

3. Forests of the duns. The duns are broad valleys within the outer 
ranges of hills. The two best known are the Debra Dun, lying between the 
Siwalik hills and the Himalaya proper, and stretching from the Jumna to the 
Ganges, and the Patli Dun, drained by the Ramganga river : there are also 
smaller and less well-known duns. These duns contain different well-marked 
'types of forest, namely (o) riverain forests on recent alluvial beds of sand 
and gravel, the predominating species being Dalbcrgia Sissoo and Acacia 
Catechu; ( b) dry mixed forests, containing Acacia Catechu. Garuga pinnata, 
Bombax malabaricum, Odina Wodier, Holarrhena anUdysenlcnca. and other 
species ; tbe dominant grass is Saccharum Munja, while on dry sliiugle-beds 
and other,dry places occur also Aristida cyamintlut., Priruph.is madagascariensis, 
Andropogon monticola, and the dry form of Saccharum spontaneum : (c) moist 
mixed forest, with swamp forest as an extreme form ; the dominant, grass is 
Erianthus Bavennae, while the tree species vary with the degree of moisture, 
and include DaUiergia Sissoo, Eugenia Jambolana, Bombax malabaricum, 
Garuga pinnata, Holarrhena untidysenterim, and many others, and in the 
moistest parts Cedrela 'Poona, Premia nndijtara, Dio-spyros Embryop/cris, 
Plerospermum acerifolium, Ficus glorneruta, Bischojjia javanica, Albizzia proce.ru, 
and other swamp species ; (d) sal forests, occupying the elevated ground well 
above the level of the rivers. The origin of the sal forests is to some extent 
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II matter lor s|Kx>ulnti»n. out mi some cases more is umtoumea evidence tnat 
tlicv represent a stage in progressive .succession subsequent to the dry mixed 
forest stage, the sal having gradually established itself in these forests as the 
soil became moisfer and more fertile with successive stages of tree-growth. 
The sal forests of the duns are characterized by the presence of grass-lands 
in which the dominating grass is usually haccharnm Narenga : many of these 
appear to he of artificial origin, and were probably at one time cultivated. 
These valleys are sublet to severe frost, particularly in the low-lying parts, 
and reproduction is killed back, while severe damage is often done to saplings 
and polos. As the lulls surrounding the valleys are ascended, the risk of frost 
damage becomes less. In spite of the frost the sal tends to spread into the 
grass-lands where soil conditions are favourable. Fig. IS shows the edge of 
a sal forest in the Dehra .Dun valley, with sal reproduction gradually establish¬ 
ing itself in an adjacent grassy blank subject to severe frost. The sal forests 
of the Dehra Dun valley are situated on deep boulder deposits with water at 
a great depth : where these deposits are overlain by fertile loam the sal reaches 
fair dimensions considering that the locality is near the northern limit of the 
species. 

4. Forests of the-submonlane and bhabar tracts. The sal forests of the 
submontane tracts occupy broken ground or boulder deposits along the base 
of the outer hills ; they vary much in type and quality. On deep boulder 
deposits and old terraces they resemble the forests of the river terraces, 
the crops being often even-aged and remarkably pure. On fertile ground, 
crops of excellent quality are produced along the base of the hills, for 

Haldwani and in'the Laehampur block to the east of Ramnagar. In 
the drier submontane tracts the forest is of a poorer type, and in places is 
mixed largely with Bnclumania latifolia : this type of forest is exemplified 
on the gently sloping ground on the south of the Saharanpur Siwaliks. 
In some portions of the sub-Himalayan tract, for example outside' the 
foot-hills in the Gonda district, the sal occurs on broken ground inter¬ 
sected by ravines ; this ground is occupied in places by poor dry mixed forest, 
the sal occurring in pockets in the moister depressions. On the outskirts of 
this broken country, where the ground dips down to more level country and 
becomes moister. sal forest of excellent quality is found in a somewhat narrow 
strip, for example at Chandanpur. The bhabar, as explained above, is the 
deep waterless boulder tract which stretches in places along the base of the 
hills. The typical forests of the bhabar are not sal forests but dry mixed 
deciduous forests of a rather open character, in which the commoner trees are 
Holopldca. mtegnfolm. Jlyme.nodictijon excels um, Bombax malabnricuw , Odina 
Wodier. Garuga jnnnata, Laqerstroemta parmfiora, and Acacia Catechu , while 
Pterocarpus Marsvpmm is common in the eastern Kumaun bhabar. In the 
river-beds occur forests of Dalberqia Sissoo and Acacia Catechu, while in moist 
situations Trcieio rmdrflora. Eugenia Jambolang, and other moisture-loving 

the soil is m a condition intermediate between the dry ground supporting the 
mixed deciduous forest and the low-lying wet ground where the moist forest 
occurs. The sal is found on well-drained situations with a good loamy soil, 

















and other species, while in moist or swampy localities are found such moisture- 
loving species as Eugenia Jambolana, Tre.wia. nvdijlora, Barringtonia aculavgvla , 
Satix teirasperma, and others. The sal forests are situated on'older and higher 
alluvium, which is separated from the low alluvium by a well-marked bank, 
often 20 to 30 ft. high, locally known as a danrnr, representing the old bank of 
it neighbouring river, which may now be some miles distant. In some places 
this bank may have become much denuded or intersected by small ravines, 
and may thus have, lost its sharp outline, but the difference in level between 
tire sal forests and the low alluvium nevertheless exists. Apart, from this 
difference in level, there arc in some localities distinct differences in level 
within the sal forests themselves. This is particularly tlio ease in the forests 
of North Kheri, where two distinct, types of sal forest, the. high-level and 1 ho 
low-level types, result from a difference ill the.level of Hie ground of about 
1(1 ft. The line of separation between the high-level and low-level areas is 
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by the heiglit-growth. It has been suggested that the quality varies inversely 
with the depth of the subsoil water-level. It is certainly true that in the 
North Kheri high-level forests, which are on the whole of better quality than 
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In I lie suh-f$nialayan trout of Bengal (lie normal rainfall varies from 130 to 
am iii Varther casl, in Hnmriip, Dairang. and Xowgong, it varies from 
(io to Jim in , while in the Garo hills it. varies from 82 to 126 in. In these 
regions the sal encounters conditions ot humidity which not only produce 
different typos of forest from those found elsewhere, but also create factors 
which inllnence the establishment ot natural reproduction in a different way. 
In Hie sub-Himalayan tract of Bengal and Assam the sal may be said to be 
growing under optimum conditions. Seedlings it grown in the open do not 
die back, hot shoot up rapidly from the start. The subsequent growth of the 
trees is taster than in the western sub-ill malayan tract or in the central Indian 
region, and the quality of the sal forest is unequalled elsewhere, except perhaps 
m the valley type of the gjjnghbhum sal forests. In parts of the sub-Himalayan 
tract of the Touted Provinces the sa] certainly attains large dimensions, but 
nowhere are there extensive tracts of sal forest, as m Bengal and Assam, 
where trees of such excellent height-growth are met with or where soundness 
IS maintained to such a marked extent in trees of large size. 

In western Eensral the sal is found in the Kurseong tarai and on the lower 
slopes of the lulls up to 3.000 ft., ascending the Tista valley for some distance. 
The quality ot the forest is, as a rule, excellent, the trees reaching large 
dimensions. As in the Duars, the dense undergrowth and the unfavourable 
soil conditions duo to the excessive damp interfere with the natural repro¬ 
duction of the sal.- East of the Kurseong tarai the sol occurs throughout the 
Duars tract of Jalpaiguri, Buxa, and Goalpara, described in detail below, 
ascending the river valleys and the outer hills to about 3,000 ft. Thence the 
sat extends eastward, in suitable localities, through Kainrup, Darrang, and 
Nowgong. In Darrang the sal is at its eastern limit, and the total area of sal 
forest amounts to only about 700 acres, the best patch being in the Gorumari 
reserve, where the growth is good. Among the chief associates of the sal in 
Darrang are Eugenia, lanceaefoha, Gmelina arborea, Pkythmthus Emblica , 
Litsaea polyantha, Schima Walhchn , iSlereo&perinum chelonoides, Sterculia 
villosa, Careya arborea, Adina cordifoha, Cinnavtom urn Cecidodaphne. and 
Bridelia return. 

In the Assam sal forests in general, as in the Duars, natural reproduction 
is a matter of difficulty, owing to the excessive damp, and the sal is likely to 
disappear in many places if special steps are not taken to regenerate it. In 
the Garo hills the sal attains very large dimensions, but the forests have 
suffered much from shifting cultivation. The same agency has destroyed 
much of the sal in the Khasi and Jaintia hills. 

One of the most important sal tracts of the eastern sub-Himalayan region 
is that known as the Duals, occupying a stretch of country about 160 miles 
long, between the Tista and Manas rivers, with a maximum width of about 
30 miles from the base of the hills southwards into the plains. The western 
or Bengal Duars, containing the Jalpaiguri and Buxa forests, lie west of the 
Sankos river, and the eastern Duars, containing the Goalpara forests of Assam, 
lie east of it. Sal occurs in the outer hills mixed with other species, but in the 
Duars proper two fun a d types of sal forest may be distinguished'—the high- 
level or dry type, and the low-level or moist type. The high-level or dry type, 
which occurs in Buxa and Goalpara, occupies the dry bhabar tract on deep 
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boulder and gravel deposits stretching from the base of the hills to a maximum 
distance of about 12 miles from them : here the water-level is at a great 
depth. In Jalpaiguri this type is scarcely represented. The sal is, as a rule, 
of excellent quality. Among its commoner associates are Lager sir oemia- 
parviflora, Terminalia. bclerim, Stemdia villosa, Bombax malabaricvm, Dillenia 
pentagytia, Cedrela. Tooim , Albizzia procera, Qmelim arborea, Sicrcospermum 
svaveolens, S. chelonoides, Premna spp., and BavMnia spp. Tile characteristic 
soil-covering is a dense growth of saw grass, Pollinia ciliata. Trim, a light 
feathery grass with a thin straggling wiry stem, which grows ordinarily to 
a height of 2 or 3 ftw but may climb through light undergrowth to a height 

ground. This grass, which also occurs in the low-level type, though it is less 
abundant there, stands moderate shade, but is killed out by dense shade ; 
it is encouraged by fire-protection. With it is commonly found an under¬ 
growth of MiUellia atirimilata. Pig. 2A gives some idea of a. typical saw. grass 
area. Natural reproduction of sal in these areas is present only where the 
grass is scanty or absent. A dry snd markedly deciduous sub-type of the 
high level forests occurs very locally ill Goalpara. In this sub-type the sal 
reaches only moderate size, and its chief companions are Lagcrstroemio. 
parviflora., Terminalia Chebvla, and Phyllantlivs Etnbliea. The undergrowth 
either is absent or consists of a somewhat light growth of MiUettia avrievhta, 
Dalbtrgia stipwlaow, and sometimes Coffm bengalensis ; there is often present 
a scanty growth of grass, usually Trim-phis madagascariensis var. Zollingeri, 
a grass ordinarily characteristic of dry miscellaneous forest. In this dry sub¬ 
type, which is shown in Pig. 28, natural reproduction of sal is usually good in 
spite of, and possibly in consequence of, fire-protection, a circumstance which 

as a whole. 

The low-level or moist type of sal forest commences along the line of springs 
marking the southern limit of the dry- bhabar tract. Tile forest, is of a moist 
type, with a luxuriant and often evergreen undergrowth. The subsoil water- 
level is usually at no great depth. This type produces trees of large size and 
good shape where the drainage is good : in Goalpara particularly there are 
occasional patches of sal on badly-drained ground, whore the growth is decidedly 
inferior. In Jalpaiguri the forest is of a moist, type throughout, and on the 
well-drained high ground not. far from streams the quality is extremely good, 
the boles being tall and cylindrical (see Fig. 29). Fig. 30 gives a typical view 
down a fire-line running through the Goalpar a low-level sal forests. Most, of 
the companions of the sal which occur in the dry or high-level type occur also 
in the moist type, but there is present a larger proportion of evergreen trees, 
such as Amoora , MeUosma, Tmpinia. MicheHa Ohampaca , Sdima WallicM, 
Modulus, and other lauraceous trees. There is a dense and largely evergreen 
undergrowth, which is described below. 

The forests of the Dual's, more particularly those of the moist type, 
furnish a striking example of the effects of continued fire-protection in altering 
the character of the forest and bringing it into such a condition as entirely to 
prevent the natural reproduction of (he sal. It is an indisputable fuel that 
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horm- oil! from observations m burnt .savannahs at, the present day as well 
as iiom nut-hen tie records contained in forest working plans. The savannah 
lands are a characteristic, feature of the Duars, particularly in Goalpara and 
Buva ; in Jaipaigun they have now for the most part become filled up by 
tree-growth Two broad typos of savannahs may be distinguished, the 
Jow-lcvcl and .tile high-level savannahs. The former occupy low-lying moist 
ground containing a dense growth of such grasses as Phragmiles Karka, Trin. 
( ntirlnl ), Succharnm procernm. Hoxb. ( ekra ), Erianlhus elephantinus, Hook, f., 
Anlhisliria qu/rmtea. Onv.. Saecharum spontaneum, Linn., and others. On 
these tracts are scattered trees, chiefly Allnzzia procera, Bombax malabaricum, 
Bischoffia 'javantm, Eugenia operculala, and Butea /condom. In the riverain 
alluvial savannahs Dalbergta Sissoo is dominant. The low-level savannahs 
are unsuitable for the growth of sal. The .high-level savannahs are typical 
sal-producing tracts, and occupy the better drained lands. The dominant 
grass of these tracts is Saecharum Nannga, Wall, (bata), which indicates con¬ 
ditions favourable for sal reproduction and growth. Other grasses on the 
high-level savannahs are Saecharum arwttdinaceum, Rets., ArundineUa Clarkei, 
Hook., Enanthus fastigialus, Sees, Andropogon Nardus, Linn., and Imperata 
arundmacm, Cyrill.; on ground sometimes not sufficiently well drained for sal 
occur Saccliarum sponta.ne.um and Anthistiria giganlea. The origin of the 
savannahs is not- always clear, but there is no doubt that many of the high- 
level savannahs are the result of former clearings for cultivation ; this is 
shown from tile fact that former village sites, and bunds and boundaries of 
fields, are often still visible, while at the present time abandoned fields at once 

The savannahs become very dry by February, and if not specially fire- 
protected they bum at that time of year, producing fires of great severity. 
As long as annual fires occur these tracts persist in the form of grass-lands 
subject to tlie gradual invasion of fire-resisting trees such as sal, Careya 
arborea, Dillema pcnlagyna, Eugenia operculala, Bombax malabaricum , and 
a few others. The establishment of the sal under these conditions is, it is 
true, gradual, seedlings and saplings being destroyed in quantity by the severe 
fires. Eventually, however, natural reproduction establishes itself by degrees, 
particularly where the saplings appear m clumps and commence to kill off 
the grass. Kgs. 31, 32, and 33 show the manner in which the sal forests 

Kre-protection was commenced in the Duars in 1872, and has been 
extended gradually since then. When a burnt savannah is fire-protected 
certain invasive trees and other plants quickly make their appearance. Of 
these the most characteristic is Macaranga denticulata, which is referred to 
below (p. 100). Trema orienlalis and Callicarpa arborea are also forerunners 
of the subsequent tree forest, while the scitamineous plant Alpinia Allughas 
spreads rapidly. Where sal existed in quantity on the burnt savannah a more 
or less pure sal forest results, otherwise various deciduous trees and shrubs, 
such as Sterculia villosa, Litsaea polyaniha, Terminalia belerica, (Melina- arborea, 
Bombax malabaricum, Cedrela Poona, Lagetslroemia parviflora, Dillenia penta- 
gyna, Careya arborea. , and many others, soon fill the gaps, the savannah grass 
is gradually killed out, and the result is a mixed deciduous fores , often with 
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sal forest of decidedly good quality. The forests of Singhbhum proper, which 
are known as the Saranda forests, are situated in mountainous country at an 
elevation of 750 to 3,000.ft. The rocks are chiefly sub-metamorphic, consisting 
for the most part of quartzites, ferruginous schists, siliceous slates, and shales, 
while laterite is not uncommon. The rainfall varies from 50 to 65 in. Frost 
is very local in some of the high-lying plateaux, but the damage done by it 
is seldom severe. The quality of the forest varies greatly. In the valleys 
the forest is moist and the growth is excellent, the trees often reaching a height 
of 120 ft. On the hills a drier type of forest is met with in which the growth 
is poorer. On the drier ridges an open type of sal forest is common, in which 
the trees are stunted, misshapen, and often hollow'. Tiie poorest typo of all 
is found on argillaceous rocks decomposing into a hard clay with quartz 
pebbles on the surface. The sal, if present, is very stunted, and is usually 
associated with Gardenia gummrfera, Bnchanania UUifdlia, Tcrminalia tomcn- 
tosa, Anogeissus latifolia, and Diospiyros Melanoxylon, while Phoenix acavUs 
frequently covers the ground. In the dry open types of hill forest the pre¬ 
vailing grass is the mbai (Ischacmum anguslifolium, Hack.), vVhioh constitutes 
a valuable source of minor produce. Between the poorer hill types and the 
moist valley type there are various intermediate types occupying the hill- 
slopes and plateaux, and in all except the drier hill types the growth of the 
sal is decidedly good. A special feature of the Singhbhum sal forests is the 
excellence of the natural reproduction, which has established itself in pro¬ 
fusion, particularly w'here heavy fellings were carried out from 1895 onwards. 

Among the commonest companions of the sal are Tcrminalia tomenUm, 
Pteromrpus Marsupium, Ougcinia dalbcrgioides, Bassia latifolia. Lagerstroemia 
parvijtora, Adina cordifolia, Anogeissus latifolia, Bnchanania latifolia, and 
Banhinia retv so . 

Central India. There are considerable areas of sal forest to the south of 
“the Kymore hills in Rervah state, hut these have suffered a good deal from 
past felling and from resin-tapping. 

Central Provinces. The important sal tracts of the Central Provinces are 
situated in the Jubbulpur, Mandla, Balaghat, Bilaspur, and Raipur districts. 
The Jubbulpur distfiet is interesting in being the meeting-place of several 
geological formations. The existence of the sal, which is here at its western 
limit in the Peninsular region, is determined by the porous but hygroscopic 
Gondwana earthy sandstone, to which it is practically confined, and by the 
favourable rainfaU, which is about 50 to 55 in. in the sal areas ; teak, on 
the other hand, is confined to the trap and Vinclhyan areas, chiefly sandstones, 
where the drainage is good. The sal is not of good quality, mature trees 
averaging scarcely 00 ft. in height, with a maximum height of 80 ft. ; they 
seldom attain more than 5 ft. in girth, and arc then usually unsound. Frost 
damage is severe in the cold weather, w'hile in the hot season the temperature 
may reach 114° F. in the shade. Natural reproduction suffers much from 
frost. 

In the Mandla district the sul forests of the Banjul' valley arc situated 
for the most part on the lower slopes of hills or in high valleys, chiefly at 
1,800 to 2,000 ft., the hills being covered with mixed forest and the low ground 
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quantity, and forms large pure masses. The rainfall is slightly over 50 in. 
Sal forests also occur.m the south-east of the Lauji range, the best, ot them 
being in the Rantronala reserve : elsewhere the sal is found in struggling 
belts and patches or m the form of isolated trees m dry forest. Both the 
Sihawa and the Lann sal forests are found on meta.morplnc rocks. 

Madras. In the Madras Presidency sal occurs chiefly in Ganjani, and to 
a limited extent ill Jcypore and in the I’alkonda range of Vr/.aga.patam. In 
the Ganjani district sal is found in the Goomsur forests. The rock is largely 
gneiss, with metamorphosed sandstone in places. An indurated ferruginous 
red clay caps many of the low lulls, and the sal growth here is poor, the soil 
being not sufficiently porous, in the western part of the Goomsur forests 
(Surada range) the country is chiefly hilly, the sal occupying tile slopes of the 
hills and growing to a very fair size in favourable, localities. To the east 
(Buguda range) the country is flatter, and the sal grows at a lower elevation 
on the whole. In the forests of the plains, on alluvial ground, the sal is purer 
but of smaller size than in the hill forests. The plains forests have been 
subjected to much ill treatment in the past, and the stock (Assists largely of 
coppice and pollard growth. The chief companions of tile sal are 'l'enmnahu 
lomenkm, Pterocarjms Marsnpimn. Larjcrstrocmw partnfoha. Dalbergm laltfoha. 
Adiiia cmlijoha, and Diospyros Mdanoxylon. Whore the soil becomes less 
favourable there is a larger mixture of Cleislanihm colhmis, Soymida Jcbnjuqrj , 
DUlenia penlagyna, Bndumamu laiiloha. PhvUanlhns Embhra. and Odvna 
Wodier. In Ganjam the sal experiences tile north-east as well as the south¬ 
west monsoon. The rainfall is about 50 in., ol which the south-west monsoon, 
July to September, contributes 30 in., and the north-east monsoon. October 
to December, 15 ill., the remaining 5 in. falling from January to June. 

IiEAff-SHBDDiSG, FLOWEKixo, and FBumxci. The leaves commence 
turning yellow and falling from January to March. In dry seasons and in dry 
localities leaf-shedding takes place earlier and is more complete than m wet 
seasons and in moist localities ; in the latter the leaves may have hardly 
commenced to fall.by March. For a short time, from February to April, 
according to locality and season, the foliage of the trees is somewhat scanty : 
only in dry localities, however, do the trees become quite leafless lor a short 
time. The new leaves and shoots appear from February to May according 
to locality and season. The young leaves are tender, .reddish,- and shining; 
they soon turn to a fresh delicate green. Where fhe old foliage is defoliated 
by insects early in the year the new shoots appear earlier than usual. Some¬ 
times two separate flushes of new leaves appear ill one season. A second 
flush may appear after defoliation, but. it may also be produced ill exceptionally 
dry seasons after a partial shedding of the. first flush. 

Tile flower-buds as a rule first become visible in February, but in early 
seasons they may appear in the latter part of January. The small whitish 
flowers are ill large lax- terminal or axillary racemose panicles, covered with 
a whitish pubescence (see Fig. 37). They are fully out. from the end of 
February to well on ill April, according to locality and season. At this time 
the trees are partially leafless, and when covered with masses of whitish blossom 
they are a striking sight, particularly in years of extensive and profuse 
flowering, when the whole forest is clothed in a mantle of white. Fig. :l!i 
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The foregoing statement shows in a remarkable manner how widespread 
a good or a bad seed-year may be in certain years. In the United Provinces 
the year 1910, and throughout the greater part of the sub-IIimalayan tract 
the years 1913 and 1915, will be remembered as years of profuse seeding, 
while in the intermediate years the seed-crop was a failure. Apart from 
injury to the seed-crop by storms and winds, climatic conditions appear to 
be responsible at times for the state of the seed-year. In the spring of 1905 
the forests of the United Provinces were much damaged by an abnormally 
severe frost, and the failure of the seed-crop was reported at the time to be 
due to this cause. The year 1908 in the United Provinces, and the year 1916 
in Bihar and Orissa, in which the seed-crops failed, followed seasons of abnormal 
drought. 

Germination (Fig. 40, b-e). Hypogeous. The radicle emerges towards 
the apex of the fruit and descends rapidly, soon forming a taproot. The 
cotyledonary petioles meanwhile elongate considerably, carrying the plumule 
free of the seed and enabling the young shoot to make its way upwards. The 
fleshy cotyledons remain within the fruit. ’ 

The seedling (Fig. 40). 

Roots : primary root long, thick, terete, tapering, woody : lateral roots 
fibrous, long and numerous if growing in water or in moist layers of dead 
leaves, shorter and less numerous -in mineral soil. Iiypocolyl scarcely dis¬ 
tinguishable from root, subterranean. Gotyledam appearing to be opposite, 
but shown by the position of the axillary buds, which are hidden by the 
united bases of the cotyledonary petioles, to be frequently alternate : petiole 
1-2-1-8 in. long, flattened and channelled on inner side, bases of petioles 
united in a tube round the stem : lamina 0-4-0-5 in. by 0-5-0-6 in., thick, 
fleshy, 2-lobed, pink or reddish green. Stem erect, wiry, reddish in young 
stage, turning green and later greenish brown, very finely pubescent or gla- 
breseent; first internode (below first pair of foliage leaves) 2-8-5 in. long, 
slightly compressed, subsequent internodes much shorter, 0-5-1-5 in. long. 
Leaves simple, first pair opposite, subsequent leaves alternate. Stipules 
0-1 in. long, caducous. Petiole 0-2-0-25 in. long. Lamina 2-3-3-5 in. by 
1-2-2-3 iti., ovate-oblong, acuminate, base rounded or cordate, entire, sub- 
coriaceous, glabrous, dark green and shining above, slightly paler beneath, 
young leaves often reddish. 

The first pair of opposite foliage leaves are very characteristic, and seedlings 
of the first year can usually he distinguished with certainty by their presence, 
though they may persist through part of the second season. 

Stem development. The stems of sal seedlings are at first thin and whippy, 
but a stage is eventually reached when they become thickened, with a smooth 
cortex and an almost fleshy appearance. From this stage onwards growth 
is more rapid than it was previously, and the seedling may be considered to 
have established itself and to be ready to shoot upwards. Before long the 
smooth cortex begins to crack and rough bark to form, when (lie. plant may 
be considered to have reached the sapling stage. The rate of development 
varies greatly according to local conditions. As an example of rapid growth 
in seedlings an instance may be quoted of a nursery plot at Mcndabari in 
the Buxa district, Bengal, in which seed was sown in Juno 1911. In January 
1915 the resulting seedlings, which were then 31 years old and formed a dense 
clump, were thinned out : the fortydhree plants which remained had a mean 
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being carried on by new shoots produced from axillary buds at different points 
on the stem. Dying back with subsequent recovery takes place when the 
taproot has developed with sufficient vigour to withstand the adverse influences 
which cause the death of the aerial portion of the plant. 

Some years ago a large number of plots were laid out in many different 
parts of India, in places where natural sal seedlings bad appeared in abundance 
after good seed-years. These plots were kept under observation for a series 
of years, and the results told a similar tale in each case. At the best the 
number of seedlings diminished steadily each year, while under less favourable 
conditions there was wholesale dying off, not a single plant surviving ; \yhere 
conditions were favourable a few seedlings in each plot ultimately established 
themselves, sometimes after dying back several times; but taking the plots 
as a whole the mortality was enormous. 

The death or dying back of sal seedlings takes place at different times 
of the year, and, as will be seen later, may be due to various causes. In the 
rainy season mortality is very high. In dry localities the seedlings may survive 
the rains but die down in the ensuing dry season, suggesting drought as the 
cause. In frosty localities they are killed down by frost in the winter, and 
send up new shoots at the commencement of the following growing season. 
Although large numbers of seedlings ultimately succumb after a more or less 
lengthy struggle, during which they may die back several times, it is note¬ 
worthy that during the struggle a great development of the taproot takes 
place steadily, and that, the struggle is essentially an underground one. Plants 
only a few inches high, which have died hack repeatedly, if dug up will he 
found to have greatly thickened root-stocks which penetrate to a considerable 
depth. Those plants which at last succeed in establishing themselves cease 
to die hack and begin to produce thick shoots : from this time onwards their 
upward growth takes place normally, and before long they begin to produce 
rough bark and may be said to have reached the sapling stage. The time 
taken in the process varies according to local conditions. In a favourable 
case recorded above the sapling stage was reached within 31 years. In the 
case of natural forest seedlings under conditions usually obtaining in north¬ 
western and peninsular India, the time occupied is very much longer, possibly 
at least ten years, and in many cases considerably more. 

The dying back of seedlings under adverse conditions is not peculiar to 
the sal, but is seen in various other Indian species. In the case of the sal, 
although so prevalent it must be regarded as an abnormal process induced 
by external conditions and not as an inherent characteristic. In the Bengal 
Duars, where optimum conditions are approached, natural sal seedlings growing 
in the open do not ordinarily die back but shoot up with rapid growth straight 
from the seed. Seedlings raised artificially in nurseries in many localities, if 
carefully tended, do not die back but develop strong shoots at an early age. 
In the forests near Dehra Dun Mr. Hole’s experiments, described below, have 
shown that favourable conditions can be produced under which seedlings do 
not die back, although wholesale dying back of natural seedlings takes place 
in the immediate vicinity. Even in northern India many natural forest, 
seedlings do not die back, though their stem development may bo retarded 
for years while the taproot is establishing itself. 
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The. phenomenon of dying bunk, with subsequent establishment, gave 
rise lit one. time to a theory as to its oh use which deserves some consideration. 
According to tins theory the sal seedling is unable to establish itself and to 
start upward growth until its taproot has penetrated downwards to the 
permanent subsoil water-table : only then are supplies of water available 
sufficient to prevent further dying back and to enable upward growth to 
commence. This theory, if it is held to be of general application, is at once 
refuted by the fact, that under favourable conditions sal seedlings do not die 
back, but may commence vigorous upward growth when their taproots are 
not, many feet, long ill localities where the subsoil water-table is at a great 
depth, for instance in the bltabar tract of the Bengal Duars or, in the case of 
artificially-raised seedlings, in the neighbourhood of Delira Dun. The fact is, 
as Mr. Hole has shown, that, other conditions being favourable, sal seedlings 
will survive and develop normally where the moisture in the soil does not fall 
below 3 per cent, ill sand and 10 per cent, in loam. 

The question of mortality among sal seedlings has been the subject of 
exhaustive study by Mr. R. S. Hole, the results of whose researches have 
been of the greatest value in determining the chief causes of death and in 
indicating the measures necessary to prevent mortality. His experiments, 
which were carried out at and in the neighbourhood of Dehra Dun, were 
commenced in 1909 and . have extended over a series of years. They not 
only embraced pot-cultures, water-cultures, and work in the experimental 
garden, but also extended to the local sal forests, where highly interesting 
results were obtained in numerous control plots. The experiments have been 
described in some detail in the Indian Forest Retards, 1 and it will not be 
possible liere to do more than recapitulate briefly the principal results. They 
are as follows : 

1. Primary soil factors. The primary factors which determine whether 
or not sal seedlings can thrive on a particular soil are (i) the water-content 
of the soil, and (ii) the aeration of the soil. Provided these are suitable sal 
seedlings will grow well oil soils of widely different chemical and physical 
composition and will show little, if any, dying back. 

2. Primary causes of mortality. Omitting cases of damage by frost, 
which are local, and injury by animals, insects, &c., two factors have been 
found to be of outstanding and primary importance in causing the death or 
dying back of sal seedlings : (i) an injurious soil factor which comes into 
operation in the rainy season, especially in the months of July and August ; 
and (ii) drought, which causes widespread damage during the season of short 
rainfall from September to June. Of these two factors the former is the more 
important, since those plants which have developed vigorously during the rains 
are able to resist the subsequent damage from drought owing to their strong 
deep-going root-system, whereas weakly plants with a poorly developed root- 
system quickly succumb after the rainy season is over. 

3. Sod water-content. Seedlings die or die back from drought when the 
water-content of the soil in contact with their roots falls to 3 per cent, and 
below in sand or sandy loam. Owing to the rapidity with which sand 
parts with its moisture, under similar conditions of environment and water- 
supply seedlings die or die back from drought most rapidly on sand, less 

1 Lid. For. Records, vol. v, pt. iv. Oecology of. sal. I. Soil-composition, soil-iuoisture. 

















>0l, and these eventually establish themselves. 

Root-system. Normally the sal produces a long 
igtb, which reaches down to strata moist enough to supply the water require- 
mts of the tree, and in the plains can. as a rule, be traced down to the 
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permanent subsoil water-level. In addition stout lateral roots are produced 
at no great depth below the surface, while deeper down are found numerous 
fibrous lateral nutrition rootlets ramifying in all directions where there is 
sufficient moisture. In an investigation in 1913 into the nature of the sub¬ 
soil in sample plots, interesting observations were made during the digging 
of six wells in forest, on old alluvium in the Gorakhpur district. It was found 
that stout lateral roots were produced at a depth of 1 to 8 ft., the actual 
depth varying in different places ; the soil in which these roots were found 
varied, but as a rule the roots were nearer the surface in clayey than in sandy 
soils. Below these roots, at a depth varying from 8 to 14 ft., and in some 
cases extending down to water-level, were numerous fibrous lateral rootlets, 
always in moist strata, the soil varying from pure sand to pure stiff clay. 
The depth of the water-level varied from 12 ft. 9 in. to 18 ft. (> in. In one 
case the soil throughout was a very stiff clay, and the trees were gnarled and 
stunted. Here the fibrous rootlets were at a depth of 11 to 14 ft. ; they were 
unable to pierce the stiff clay, but every fracture in the clay revealed masses 
of minute rootlets flattened out in the fissures. Below 14 ft.’tlie clay was too 
moist and pliant to allow of fissures, and sal rootlets were absent,. It is not 
unlikely that the fact that in stiff clay tile rootlets are confined to the fissures 
may be due as much to the need of air as to the inability of the roots to pierce 
the clay. In a sandy subsoil the rootlets were found to ramify at will where 
the moisture was sufficient. 

In some localities the taproot in stiff clay soil has been observed to have 
disappeared, probably owing to decay, and the trees, which are stunted and 
gnarled, are supported by the more or less superficial lateral roots ; such 
trees are easily blown down by wind. 

So far as has been observed the sal does not produce root-suckers. Shoots 
are sometimes produced low down on stools, some little distance below ground- 
level, and curving outwards appear above ground some inches away from the 
stool, but these can hardly be called root-snekers. 

Coppicing power. As a rule the sal coppices well up to a moderate size. 
Shoots are rarely produced from the top of the stool, but usually from the 
side of it near ground-level. Mi 1 . Mclntire 1 says that in the dampest parts 
of Bengal, that is in the tarai and the Tista valley, sal is a had coppicer. In 
coppice experiments near Dehra Dun in 1908-9, the best shoots were produced 
by stools not exceeding 2 ft. in girth. In Gorakhpur nearly all the trees up 
to 3 ft. in girth are found to coppice well. A number of measurements made 
by me in that district in 1911 showed that the strongest shoots were produced 
by stools varying from 10 in. t,o 4 ft. 2 in. in girth ; within these limits the 
vigour rather than the size of the stools appeared to determine the vigour of 
the shoots produced. In Bahraich experiments carried out in 1909 resulted 
in no shoots being produced by stools over 4 ft.. 10 in. in girth. Mr. Leete 2 
found that in the Chardft forest of Bahraich shoots were produced in abundance 
only by stools under 3) ft. in girth. Mr. Haines says that, in Bengal coppice- 
shoots are almost universal from stools under l ft. in girth, not common from 
stools over 2 ft. in girth, and only occasional from stools 2 to 3 ft. in girth. 

■ Note-e on 8»1 in Bengal, For. 1‘arajji. No. 5. IDO!). 
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On rare occasions stumps of large size are found to produce coppice-shoots: 
in 1910 in flic Ningliblium forests I found a hollow stump 9 ft. in girth, cut 
:t It,, lugli, producing a shoot from near the top. 

The number of shoots produced per stool varies greatly. Measurements 
made by me in the Tikri forest. Gonda, in 1911, in three plots of 4 acres each 
in coupes one and two years old gave the following results : 

1. Age 1 year, average 2-2 shoots per stool. 
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the proportion of stumps producing shoots, (a) showed results inferior to (b) 
or (c); (2) as regards the average height of shoots produced there was a slight 
but well-marked increase in height in the case of (bj relative to (a) and of 
(c) relative to (6); (S). as regards the number of shoots per stool, the method 
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A st udy of the causes of the damage done by and the effects of the abnormal 
drought in question, which in some localities led to the entire suspension of 
working plans operations, with the object of removing dead tfees, indicated 
the hopelessness of devising measures for counteracting its effects to any 
great extent. The following measures may serve to mitigate the extent of 
damage caused by a similar catastrophe in future : 

1. High forest would appear to be more suitable than coppice-with- 
,standards in localities subject to drought, in view of the susceptibility of 

2. The retention of a suitable mixture of drought-hardy trees m sal 
forests is desirable. Among those found to be particularly hardy during the 
abnormal drought in the Oudh forests were Ficus spp., Diospyros tomentosa, 
SUsrcospermnm svaveolens, and Miliusa velutina ; slightly less hardy, but still 
decidedly hardy, were Gardenia tnrgida, Holarrhena antidysenterica, Ougeinia 
dalbergioides, Cassia, Fistula, Cordia Myxa, BauHnia racemom, Casearia 
tomentosa, Butea Jrondosa, Bridelia return, Odina Wodier, Eugenia Jambolana, 
Ehrelia laevis, Mallolus philippinensis , Garissa spinarum, Lagerslroemia parvi- 
flora, Careya arborea, Grewia spp., Kydia ealyema , Randw uhginosa, R. dume- 
tornm, Zw.yphns Xylopyrus, and Aegle Marmelos. 

3. An undergrowth of drought-hardy species is of special importance: 
even though the presence of a heavy undergrowth was not proved t o be a pre¬ 
ventive of damage by drought, the value of an undergrowth of hardy species 
as a soil-covering, in the event of the destruction of the overwood by drought, 
would be considerable. 

Frost. Sal withstands frost better than many of its associates, but from 
the fact that it often occurs in grassy tracts and other localities subject to 
severe frost, it is particularly exposed to injury, and suffers accordingly. 

shoots, often for many years in succession, until they are at last able to shoot 
up, and injury to the crowns of polos and saplings, the leading shoots being 
killed and numerous epicormic branches being produced up the stems. Trees 
affected in this way have a characteristic appearance not unlike that of a 
Lombardy poplar (Fig. 46). 

The abnormal frost in the early part of-1905 did enormous damage in the 
sal forests of northern India, particularly on low-lying ground. Saplings and 
small poles were killed down to ground-level, while large poles and even trees 
of considerable height had their tops killed for 10 to 20 ft. or more. Observa¬ 
tions made some years later in the Delira Dun forests showed that the loss 
of increment alone amounted on an average to at least ten years’ growth. 
More serious, however, was the fact that rot had in most cases spread down 
the interior of the stem, starting from the base of the dead top. One or more 
new' leaders had been produced from the living tissue at this point, the result 
being a bayonet-shaped or forked stem. For years after the occurrence of 
the abnormal frost the new leaders so produced frequently broke off, owing to 
wind, at the tender callus at their base. Trees damaged in the manner described 
can never be expected to produce clean sound boles, and one lesson learned 
from this abnormal frost is that it would be more profitable to cut back as 
many badly damaged poles and saplings, as circumstances will permit, for 
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a few years after the occurrence of such a frost, thus allowing of new healthy 
coppice growth taking their place. 

In the Delira Dun forests it was noticeable during the abnormal frost of 
1905 that overhead shade which was sufficient to suppress young sal growth 
was not sufficient to prevent damage to it by frost. A similar observation 
has been recorded by Mr. C. M. McCrie 1 in the case of an abnormal frost in 
February 1916 in the Balagliat district, Central Provinces ; in a Pinvs longifolia 
plantation near Supkhar sal shoots which were so thoroughly shaded, by the 
pine as to be on the verge of suppression had been more or less cut back to 
ground-level by frost. These observations arc of great importance in showing 
that in a ready severe frost overhead cover cannot be relied on to afford 
protection. On the other.hand the value of side protection lias been demon¬ 
strated in the experiments referred to above under ‘ the seedling ’. 

The value of air circulation as a preventive of frost damage is often seen 
in grassy tracts, where sal establishes itself move readily along the edges of 
cleared lines, and in similar places where there is free air circulation, than in 
the grass-covered portions of the area. The value of side protection in such 
areas is also seen from the fact that sal tends to establish itself preferably 
beside clumps of trees or along the edge of the forest. Frost damage becomes 
accentuated in dry years, and hence in years of abnormal drought frost damage 
may occur in localities ordinarily free from it. 

One of the most remarkable effects of frost, is seen in the grassy blanks 
in the Pilibhit and South Kheri forests of the United Provinces, and known 
locally as chandar lands. These blanks are thickly covered with a shrubby 
growth of sal, the shoots springing up annually from a, thickened root-stock 
and being killed back every year by frost (see Figs. 21 and 22). These chandar 
lands vary in extent from a few acres to some hundreds of acres. They are 
situated on the alluvia] plains, some of them occupying slight depressions, 
while others are not appreciably lower than the surrounding forests. The 
soil is often, but not invariably, pure micaceous sand. Some of the chandar 
lands are fire-protected and some are burnt annually. As far as appearances 
go fire-protection seems to have no appreciable effect on (ho establishment 
of sal reproduction ; it results in a very rank growth of grass, chiefly Anthisliria, 
giganfea, but does not appear to assist the sal in any marked degree. In mild 
seasons some of the sal shoots escape damage by frost here and (here, singly 
or in groups,.and after a, succession of mild seasons may even establish them¬ 
selves permanently. The most favourable positions for the establishment of 
the sal are along the edges of roads and fire-lilies, whore owing to the free air 
circulation established saplings often form a. regular fringe, or along the edges 
of the forest and in the immediate neighbourhood of clumps of trees, where 
side protection is obtained. The sal shoots which spring up annually on 
chandar lands are found in clumps like coppice-shoots ; they are comparatively 
thin, and as a rule reach a height of .1 or 4 ft. They spring from an enlarged 
woody root-stock, there being one or more dumps to each root-stock, accord¬ 
ing to the size and vitality of the latter. In comparatively young root-stocks 
only one clump of shoots is sometimes seen, and a regular taproot is found ; 
the latter, however, generally rots away as the stump increases in age, and is 
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replaced by Jong lateral roots spreading not far below the surface of the ground. 
In many eases the original stool has entirely decayed, leaving a straggling 
gnarled or twisted growth, which tends to branch in different directions, each 
branch sending out a clump of shoots (sec Fig. 44). In such a case the clumps 
of shoots often appear to form a ring which gradually enlarges until it is 
several feet in diameter ; this ring represents the original outer growing 
portions of the stump which have spread centrifugally with advancing age. 
Sometimes portions of this ring detach themselves from the original stump 
owing to the decay of the latter, and form independent root-stocks. 

The origin of chandar lands is not known with certainty. It has been 
suggested that they represent former swamps, but this seems unlikely owing 
to the fact that the soil is often pure sand, that they do not necessarily .occupy 
depressions, and that sal does not grow m swamps and never could have 
originated in them. It is possible that they may be areas formerly cleared 
of tree-growth by man. In this case the stumps were probably subjected 
to ill treatment, by burning or otherwise, sufficiently severe to impair their 
vitality : this conjecture follows from the fact that trees recently felled, and 
not fire-protected, have been seen to reproduce themselves at once by vigorous 
coppice-shoots in areas adjoining or situated within existing chandar lands, 
the annual frosts being insufficient to kill back the coppice-shoots which sprang 
from the felled trees. Another possible theory is that the vitality of the stools 
may have become impaired by some abnormal climatic phenomenon such as 
excessive drought; an examination of the subsoil of chandar lands as com¬ 
pared with adjoining forest land might throw some light on the subject. 

Attempts have been made to restock chandar lands, but so far experi¬ 
ments carried out with the view of effecting the establishment of existing sal 
shoots have not proved successful. These experiments have consisted of 
sheltering sal with grass cowls, clearing narrow strips to produce air circula¬ 
tion, producing a pall of smoke and water vapour, excavating parallel drains, 
and introducing frost-hardy nurses. It is probable that the difficulty will 
eventually be solved by restocking chandar lands with frost-hardy species 
when the most suitable species and the best methods of cultivating and pro¬ 
tecting them have been ascertained : so far damage by pigs and porcupines 
has been the most serious danger to be contended with in this respect. If 
irrigation could be introduced, this might help matters by producing more 

Fire. Sal is one of the most fire-resistant of all the species of its region : 
this is clear from the manner in which it establishes itself in burnt savannahs 
where the majority of species are unable to survive. The process of establish¬ 
ment is no doubt slow, since the sal is burnt back year after year, but its 
power of recovery from the base is remarkable. Eormer damage from fire is 
undoubtedly the cause of much unsoundness and hollowness in sal trees at 
the present day, particularly in forests of the drier types. The sal trees in 
the Bengal Duars, however, have been observed to be remarkably sound, even 
at the base, and this in spite of the fact that the majority, if not all of them, 
must have originated in burnt savannah lands. In the dry and semi-moist 
types of sal forest the advantages of fire : protection are everywhere most 
marked ; this is particularly the case for some years after fire-protection has 
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been introduced in forests hitherto subjected to burning, and young growth 
previously burnt back annually is able to start, upward growth. In the moist 
types of sal forest occurring in Bengal arid Assam the effects of continued 
fire-protection on the natural reproduction of the sal, in causing the growth 
of a dense evergreen undergrowth and in introducing unfavourable soil factors, 
are most adverse, as has been explained above. 

Damage by fire is much aggravated after the occurrence of severe drought, 
such as that which affected the forests of Oudh in 1907 and 1908. The trees 
which are killed or partly killed by drought, and have strips of dead bark 
clinging to them, may be wholly consumed by fire, which runs up the dead 
, hark and causes crown fires of great intensity. Moreover, the lightening of 
' the canopy owing to the death of a certain proportion of the trees induces 
a rank growth of grass which still further aggravates the risk of fire and the 
damage caused by it. 

Storms. Owing to its strong deep root-system the sal is not ordinarily 
liable to be thrown by wind, hut on badly-drained clayey ground the taproot 
sometimes rots, and the trees are readily blown down. By iar the greatest 
damage by storms and hail is occasioned by the destruction of the flowers 
I and immature fruits from February or March to June. Hailstorms occasionally 
111 do damage by stripping off the young leaves and twigs, 
s Animal damage. Injury by animals occurs in the younger stages. Sced- 
i lings, as already mentioned, suffer much from damage by pigs and porcupines, 
i which uproot the young plants. Wild, elephants sometimes strip the hark off 
i the lower parts of poles and smaller-sized trees. Browsing by deer and cattle 
i is responsible for a great deal of damage, particularly in coppice coupes. 

| Heavy grazing may be responsible for a complete absence of natural repro- 
I duetion, partly owing to browsing and partly owing to the hardening of the 
soil. As the sal plants put out their fresh foliage early in the hot season when 
the grass is dry and, unpalatable, they are particularly susceptible to the 
attacks of browsing animals : this is more especially' the case in fire-protected 
tracts, where fresh green grass does not spring up early in the hot season, 
as it does in burnt areas. The sal has numerous insect enemies, but. it is beyond 
the scope of this work to describe them. The barking of logs as soon after 
felling as possible is recognized as a, necessary precaution to prevent the 
ingress of wood-boring beetles which lay their eggs in the bark of fallen trees. 

Parasitic plants. In some localities, for instance in parts of Bihar and 
Orissa, sal suffers much from the attacks of Lonmlhvs ; in such cases affected 
trees should be cut out as far as possible in thinnings. 

A virulent fungoid pest of the sal has recently come to light in the shape 
of Polypor-us Shoreae, Wakefield, the sal root, fungus. 1 This fungus was first 
detected in 1914 by Mr. C. F. Beeson in the Bengal Dears, where it must lie 
. held accountable for numerous mysterious cases of death among sal trees in 
tliat tract which had been noticed for several years previously. It has since- 
been reported to a greater or less extent in other parts of Bengal and in parte 
of Assam, Bihar and Orissa, the United Provinces, and the Central Provinces. 
It appears to be commoner in moist Ulan in dry types of forest . The outward 
sign of the fungus attack is tile death of sal trees, usually two or three together 
1 Kew Boll.. No. 3. line, 72. 
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or in huger groups. At the base of an affected stem may be found groups of 
(lark brown bracked-like sporopliores, often 15 in. or more in diameter; these 
are soon consumed by white ants, so that in many eases they are not traceable. 
Jf the roofs of the tree be cut open they will be found to be permeated by the 
whitish mycelium, which usually appears in the form of numerous flecks or 
pockets. The mycelium attacks roots of all sizes, sometimes completely 
destroying the taproot, and spreads into the base of the bole. The freshly 
attacked tissues of the cortex have a characteristic odour of decaying resin, 
and are wet and sticky. This fungus is at present under study with the view 
of devising methods of combating its ravages. 

Mr. Haines 1 records from Orissa another fungus, not yet identified, 
which he terms the sal thicket fungus. ‘ This form, or species,’ he says, ‘ is 
not apparently a root fungus, but the mycelium appears on the youn| stems 
and branches and spreads on to the leaves. In older parts it assumes the 
form of thicker white strands and bands. It often appears tq^originate near 
a wound caused by the breaking of a branch, the leaves turn brown and die, 
branches die ofl and break away at the stem or the whole top dies and breaks 
off. Ultimately, after many attempts at putting out new shoots, which causes 
a characteristic nodose appearance of the stem, the whole plant may die. 
This dying back and breaking off of the branches may be the cause of the 
fungus appearing to originate at wounds. Now, the great point about this 
fungus ... is that it always appears in overcrowded thickets, or on saplings 
under the shade of ba«fboos, or in other places where light is apparently 
insufficient; and it may, therefore, I think, be rightly classified among those 
bad conditions producing unsoundness which can be removed by future 
treatment. Improvement fellings, thinnings, and cleanings seem to be the 
remedy, and in grave cases, almost certainly, fire and coppice.’ 

Mr. Haines has also found on sal trees in the Palamau district, Bihar 
and Orissa, a fungus closely resembling Xyfcina polymorpha, which is parasitic 
on the oak in Europe ; it was found on a number of dead sal trees and on 
a half-green tree. 

Natural reproduction. The natural reproduction of the sal presents 
many features which have always been a puzzle even to those who have studied 
the question for years. In some localities reproduction springs up in such 
profusion and with such vigour that nothing can stop it; in others, where, 
as far as the eye can judge, conditions appear to be similar, reproduction is 
completely absent for no apparent reason. The problem of the natural repro¬ 
duction of sal, as of other species, can best be approached by considering 
separately the various factors affecting it. If these are understood it may 
he possible, in individual eases to assign reasons for good or bad reproduction 
and to suggest remedies for the latter. Some examples will also be quoted 
wit h the view of illustrating certain points of interest connected with the subject: 
some of the examples show that a combination of circumstances specially 
favourable to natural reproduction is in some localities of rather rare 
occurrence. The various factors which bear on natural reproduction may be 
conveniently considered under three heads: (1) seeding, (2) germination, 
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Observations made in the Dehra Dun forests in 1910, a very favourable 
seed-year, showed that germination takes place successfully under the densest 
forest shade. Mr. Hole 1 has, however, demonstrated that in these forests 
the percentage of germination in the shade of the forest is lower than it is in 
the open with full overhead light, but with light side shade. 

The aptitude of sal seed for germinating on very porous soil is Bometimes 
exemplified in exaggerated form, as in a ease noticed in December 1910 at 
the side of a road running through sal forest near Dehra Dun, where numbers 
of vigorous sal seedlings were found growing on a heap of road-metal about 
1 ft. high ; they had sent their taproots down through the loose metal into 
the earth beneath and had firmly established them there. 

3. Establishment of the seedling, (a) Dying back. The main factors 
affecting the establishment of natural reproduction are those concerned with 
the death or dying back of seedlings. These have already been dealt with in 
detailing the results of Mr. Hole’s experiments, under ‘ the seedling ’. To re¬ 
capitulate briefly, these experiments showed that the chief causes of mortality 
are: first, an injurious soil factor which is operative during the rainy season, 
and which may bo termed bad soil-aeration; and second, drought, which acts 
during the season of short rainfall from September to June. The former is 
present chiefly in non-porous soils with a small water-free air space and a high 
percentage of water and organic matter. The latter is the direct consequence 
of the former, since in a badly-aerated soil the root-system is insufficiently 
developed to be able to withstand the effects of the dry season. As regards 
measures necessary for securing reproduction, Mr. Hole classifies sal forests 
into moist and dry types, in<.which bad soil-aeration and drought respectively 
are the dominant factors, and advocates the following treatment in either 
case. In moist forests: clear-felling in strips or patchel, removal of dead 
leaves (if necessary by burning), working up the soil, sowing sal seed, and 
weeding during the first rains ; this secures ideal conditions for the develop¬ 
ment of sal seedlings, these conditions being a well-aerated seed-bed free from 
raw humus, full overhead light, and light protective side shade. Where these 
measures are impracticable the alternative proposed is to remove dead leaves 
by light leaf fires or otherwise, thereby increasing the proportion of seedlings, 
and then to remove the overhead cover early. In dry forests two methods 
are suggested : (i) introducing an underwood as a soil-protection, thus in 
time converting the forest into one of the moist type, which could then be 
treated as such; (ii) preventing the run-off of rain-water and encouraging its 
percolation into the soil by surface cultivation, trenching, or small embank¬ 
ments, this being accompanied if necessary by mulching in the dry season. 

(b) Effect of dead leaves. An experiment dealing with the mechanical 
effect of a layer of dead leaves on the germination of the sal seed has already 
been alluded to ; the effect of such a leaf layer on the survival of the resulting 
seedlings has been brought out by the same experiment. It was found that 
seedlings which germinated on a layer of dead leaves under shade developed 
satisfactorily above ground during the first rains, but the taproots, instead of 
descending into the mineral soil, spread laterally between the layers of wet 
leaves, deriving sustenance from the moist earthy matter there, and sending 
' ffid. Forester, xlii (1916), p. 59. 
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out long fine lateral rootlets. There was no sign of rotting of the roots as in 
Tradly-aerated soil, but the roots had no foothold, and the seedlings could easily 
be pulled up with all the roots intact. In consequence nearly all the seedlings 
died off when the layer of loaves dried up after the end of the rainy season, 
many falling over for want of support; some survived for a few months 
where the leaf layer was scanty, but these eventually succumbed. In the case 
of seed sown on bare ground in adjacent plots, bojfi under shade and in the 
open, the*seedlings produced long taproots which obtained a firm hold in the 
mineral soil. It is thus evident that the removal of the layer of dead leaves 
on the ground, by fire or otherwise, is an aid to reproduction in counteracting 
the mechanical effect, alone of the leaf layer. 

(c) Light. The effect of light, as such, on the establishment of natural 
reproduction* requires further investigation. It is a matter of common 
observation everywhere that the admission of full overhead light is necessary 
for the best development of a young sal crop. Mr. Hole’s experiments 
liave shown that in the. open with full overhead light, but ( with light side 
shade, the percentage of seedlings which germina te and survive is decidedly 
higher, and the percentage which die back is decidedly lower, than in the 
shade of the forest; lie ascertained, however, that, the inferior results in 
the forest shade were due primarily'to an injurious soil factor connected 

• with the decomposition of humus and not to deficient, light. Thus in the 
case of young seedlings, although want of light- in itself may possibly not- 
become an adverse factor until a certain degree of shade is reached, its 
correlation with factors which are adverse even under slight, overhead shade 
is of importance. The protective value of side shade, as opposed to overhead 
shade, has already been referred to. 

As a general rule, other conditions being favourable, the admission of 
light sufficient to cause the appearance of grass in moderate quantity will 
induce the appearance of sal reproduction, the establishment of which depends 
on a drastic opening out of the canopy. An exception, however, should be. 
noted in the case of the very moist types of forest occurring in the Duars of 
Bengal and Assam and in certain other localities. Here the admission of light 
ifesults in a rank growth of weeds and climbers which effectually prevents the 
establishment of sal reproduction, even in places, where the undergrowth is 
cut and burnt to induce a growth of grass (see Figs. 47 and 48). 

(d) Frost, as a factor adverse to natural reproduction, is of importance 
in open places, chiefly in grassy savannahs and blanks within the forest where 
seedlings may be killed back year after year. Under the cover of a canopy 
frost does not as a rule affect young plants except in abnormal years, as in 
the spring of 1905, when extensive damage was done even under fairly dense 
overhead cover. In grassy savannahs seedlings often remain undamaged as 
long as they are sheltered by the grass, but as soon as they appear above the 
level of the gras$ they are cut back by frost year after year. In such places 
reproduction establishes itself best along the edge.’of the forest, where it obtains 
side protection, or under and around isolated trees or clumps of trees ; one 
of the most important protective trees in the savannah tracts of northern 
India is Eugenia opercttlata. Along the sides of roads or cleared lines running 
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leaves and thus increasing the number of seedlings which germinate and 
survive. In grassy tracts, also, where continued fire-protection in the case 
of certain species of grass produces a dense matted growth, fire before the 
fall af the seed is beneficial in enabling it to reach the ground and to find 
a good germinating bed. 

In the very moist sal forests found in the Bengal Dual's and in Assam, 
however, continued fire-protection has so altered the type ot forest, that 
natural reproduction cannot now establish itself. The Duars forests have 
been described above (pp. 70-73). It has been explained that these forests 
originally sprung up in burnt savannah lands, the process being still in 
operation where fire-protection has not yet been introduced. The process ot 
establishment of reproduction is doubtless a slow one, as the fires m these 
grassy tracts are of great severity, but the sal after repeated burning back 
eventually establishes itself ; the process is illustrated in Digs. 31, 32, and 33. 
The introduction of fire-protection must for a time have effected the establish¬ 
ment of large numbers of seedlings and saplings, but here its benefit ended, 
for with continued fire-protection a dense and largely evergreen undergrowth 
takes possession of the ground, while in many places a luxuriant growth of 
climbers forms an impenetrable mass : the nature of the undergrowth is 
illustrated in Figs. 34, 35, and 36. Much sal seed fails to reach the ground 
through this dense matted undergrowth, but a considerable quantity reaches 
the ground and germinates, the seedlings persisting sometimes for a few years. 
Throughout these moist forests, however, for all practical purposes no estab¬ 
lished sal reproduction is to be found where fire-protection lias been in operation 
for any length of time. It was hoped at one time that repeated cleanings 
would effect the establishment of existing seedlings, and these operations 
were carried out in some cases for five consecutive years, abundant light being 
admitted. This, however, had no effect, the seedlings showing no progress, 
although seedlings grown in ploughed land outside the forest m this region 
show remarkably rapid growth and do not ordinarily die back. Even on an 
experimental cleared line through the forest natural seedlings failed to establish 
themselves. This pointed to the adverse factor being not want of light but 
an injurious soil-factor, presumably connected with bad soil-aeration brought 
about by an excess of moisture and organic matter in the soil, the result of 
the altered conditions produced by continued fire-protection. Attempts to 
establish natural reproduction by the admission of light, which only intensifies 
the dense undergrowth, and by intensive cleanings, having failed, other 
measures, the object of which is completely to alter the soil conditions, have 
had to be devised. In the moister types attempts to burn the undergrowth 

has proved little better : in many places it only results in a dense rrgrowth 
of weeds and climbers, while even where there is a tendency towards the 
replacement of the dense undergrowth by savannah grasses the process is 
slow and costly. It has therefore been decided to regenerate by means of 
clear-felling, cultivating for two years or more with field crops, and sowing 
up artificially with sal. So far this treatment is only in the experimental 
stage, but it gives good promise of success. It is, however, limited by the 
number of cultivators available, and hence for the present it, is being confined 
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die Rack, but shoot, straight up from the seed and become established saplings 
in a few years. The reproduction, both of sal and of Macamnga, shown in 
Fig. 49, sprang up on a fire-line abandoned eight years previously, and if the 
sal had not remained under the faster growing Macamnga it should have 
reached a height of nearly 30 ft. Instead of this, owing to the unfavourable 
conditions produced by the Macamnga it actually consisted of numbers of 
thin whippy shoots up to 2 ft. high which had died back repeatedly and 
which sprang from thickened root-stocks evidently dating from the time when 
the fire-line was annually cleared and burnt. The sal m this instance was 
undoubtedly older than the Macamnga suppressing it. In all other similar 
instances examined the suppressed sal was found to be as old as or older than 
the Macamnga. In one case sal and Macamnga were sown together eight 
years previously: the Macamnga had reached a height of 30 to 35 ft., while 
the few sal plants which survived had thin whippy shoots not more than 
3 to 4 ft. high. A careful search throughout the Dnars did not reveal a single 
vigorous established sal sapling under the cover of Macamncja. Thus under 
.natural conditions in the Dnars it cannot be said that Macamnga is of any 
benefit to sal reproduction, but decidedly the reverse. It is quite possible, 
however, that owing to its wonderful power of killing out rank savannah 
grasses it may yet be put to a useful purpose as a stage in the establishment 
of sal reproduction : if so it will be necessary to cut it out at the earliest, 
possible opportunity, otherwise the sal. will fail to establish itself. 

Bamboos, provided their cover is open, are not inimical to the establish¬ 
ment of sal reproduction, but dense bamboo cover is harmful. Experimental 
solvings under the somewhat dense- shade of a plantation of Barnbu.ia burmanica 
near Dehra. Dun resulted in failure, even where the soil was well aerated by 
hoeing up. The seedlings survived the rainy season without dying back, but 
gradually died off subsequently. The adverse factor here was apparently want 
of light, since a few seedlings towards the edge of the plantation survived. 
In flowered bamboo areas, both of Demhocalamus striclus and Bambusa 
antndinacea , the dense young bamboo growth quickly suppresses any sal 
seedlings. Once the young bamboo growth has bad a start little can be done 
to keep it, in check without undue expenditure. Experiments m Burma have 
shown that the most effective method of keeping bamboo reproduction in 
check is to deal with the clumps during the year of seeding. The flowered 
area is fire-protected until the seed has ripened and fallen, and then burning 
is carried out late in the hot, season ; even thus only a portion of the seed is 
destroyed, and burning lias to be repeated in subsequent years. 

The natural reproduction of sal in grassy savannahs has already been 
alluded to, and it has been noted that of all the grasses in sal tracts Sacchurnm 
Narenga is the one most favourable to the establishment of natural reproduc¬ 
tion. Sal seedlings are sometimes found in abundance under Anthisliria 
gigantea ; although this grass has a somewhat, dense cover there is usually 
an expanse of clean bare soil between the clumps, on which the seedlings are 
able to thrive. It lias often been observed tBftt in favourable seed-years 


seedlings spring up in greater quantity after a firt 
land, where the dense growth of grass probably 
from reaching th^ ground : the burning of gras 
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« good soed-vear js therefore a useful measure. A characteristie feature of 
grass-lands adjacent to sal forest is the manner in which natural reproduction 
of sal appears round the edge of the forest and tends to spread gradually into 
the grass-land. In the savannahs of northern India sal reproduction is often 
preceded and aided by natural nurses which kill out the grass, reducing the 
danger from fire and serving to protect the young sal from frost. Of these 
some of the most important are Mallolus philippinensis, Eugenia operculata, 
Lagcrslroemia ■ parvijlora, Holarrhena anlidysenterica, and Milium velutina. In 
many savannah tracts frost is one of the greatest hindrances to the establish¬ 
ment of natural reproduction, particularly where air circulation is deficient. 

(i) Seasonal variations. Apart from the all-important factor of the timely 
commencement of the monsoon rains at the time the seed falls, there are 
other climatic factors which influence the establishment of natural reproduc¬ 
tion. These factors, which apparently depend on seasonal variations, no doubt 
act differently ill different localities and types of forest. They have as yet 
been insufficiently studied, but such instances as have come to notice, in which 
they have operated, indicate that they may be of great importance, so much 
so that other conditions being equal they may be the deciding factor in 
regenerating in one year considerable tracts of forest where natural reproduc¬ 
tion has been a failure for many years. Two instances of this may be quoted 
from the United Provinces, one affecting the sub-Himalayan forests and the 
other the plains forests of Gorakhpur. 

Over a considerable part of the sub-Himalayan tract the year 1913 was 

some of the sal forests of this tract in February 1911. and found the most 
prolific reproduction, even in tracts where there had been little or no repro¬ 
duction within the past thirty or fortv vears. In the Lakhmanmandi forest, 
consisting of more or less even-aged sal forest approaching maturity, but in 
which little or no reproduction had hitherto appeared, the ground over the 
whole block, some 400 acres in extent, was thickly carpeted with sal seedlings, 
which were so thick in parts as to hide the ground completely. Similar prolific 
reproduction was noticeable in the adjoining Sunmanthapla block. An old 
inhabitant of the Mundal valley remembered similar prolific reproduction 
about forty years previously. Some open fields were abandoned about that 
time, and became covered with a plentiful crop of sal seedlings. The site of 
these fields is now marked by a dense even-aged sal pole crop. Now the 
seeding and climatic conditions of the year 1913 were somewhat abnormal. 
A prolific seeding of the sal was accompanied by an abnormally early break 
of the rains about the middle of May instead of the end of June or beginning 
of July. This early commencement was followed by an abnormally early 
cessation of the rains, in the first, half of August. The survival of vast 
quantities of vigorous se edlings up to the following February indicated that 
climatic conditions were specially favourable. The abnormally early break 
of the rains was certainly a favourable factor in ensuring successful germina¬ 
tion ; it is possible, but not£eertain, that the early cessation of the rains may 
have prevented the dying off of seedlings through an excess of soil moisture. 
Too much stress, however, should not be laid on the supposed beneficial 
effects of this early cessation of the rains, since the rainfall fibres of Gorakhpur, 
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quoted below, show ail abnoipnally heavy rainfall in August 1910, a year of 
very good natural reproduction. The normal rainfalls at Ramnagar and 
Gorakhpur are 62 and 48 in. respectively. This instance indicates that a period 


cnmatic, which might have accounted tor this sudden influx 
ngs, was the effect of fire-protection, but this must be ruled out. 
ise fire-protection had been introduced as far back as 1875, and 
ise in 1913 recent seedlings were found in abundance on burnt fi 
rther burnt areas. The inference is that after many years of 
al reproduction suddenly appeared in abundance owing to sj 
rable climatic conditions combined with a good seed-year. T1 
certainly was an abnormal one so far as rainfall is concerned 
'ing statement gives the rainfall at Gorakhpur, month by mo: 
Hid 1911, and the normal, representing the average of forty-seven 


figures show an abnormally heavy rainfall ill May and June 1910. 
ibtedly created conditions very favourable to germination. Whe 
le heavy rainfall of August 1910 exerted a beneficial influence is c 
but the heavy rain in November 1910 and January and Marc 
bly helped to prevent mortality from drought. 

'hese two instances serve to indicate that, local climatic conditioi 
great importance in the establishment ol natural reproduction 
ndicate that the combination of an abundant seeding with c 
dons ideal for the locality is of much rarer occurrence than mi 
sed. The importance 'can thus he realized of taking every adv 
h favourable years as do occur for aiding the establishment of i 
faction, where it is wanted, in areas wherclt does appear. A st 
li malic conditions as affecting sal reproduction in different, regions 
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effect ot s(';isnn;il variation, it, is reported that incite Gorakhpur district daring 
the hot season bl 19)4 east winds prevailed instead of the scorching loo, with 
the result that, an unusually large proportion of the seedling crop survived 

Artificiai, reproduction. As a general rule the natural reproduction 
of the sal is so good where conditions are favourable that artificial reproduction 
has not hitherto been carried out on an extensive scale. In future, however, 
it is likely t,o be carried out very largely in tracts inhere sal is capable of 
growing well but where the conditions for natural reproduction are adverse. 
This is particularly the case in the moist forests of the Duars, where continued 
fire-protection has so altered the soil conditions that natural reproduction is 
now out of the question throughout the greater part of the tract, and artificial 
reproduction is contemplated on a large scale. The afforestation of grassy 
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results, particularly where regular weeding was carried out. Unirrigated line 
sowings were successful if protected by regrowth of other spe#es along either 
side of the line, the line itself being kept clear overhead and well hoed. If 
completely exposed all round the seedlings suffered from frost in the winter. 
Line sowings with field crops proved a cheap.and easy method of raising sal, 
but the seedlings suffered much from frost in the winter and from drought 
throughout the dry season. Possibly keeping the cleared lines narrow, say 
1-lJ^t. wide, and liking high stubble on reaping the crop, might afford 
more protection. The crop employed was the lesser millet or manchm (Eleitsine 
coramna, Gaertn.). It was found better to .sow the sal along lines kept clear 
of crops to a width of about 2 ft., the crops being sown in the intervening 
spaces, than to sow the crops continuously over the area ; in the latter ease 
the seedlings lacked vigour, and quickly succumbed to drought after the 
reaping of the crops in October. 

Experiments were carried out with line sowings of sal between a double 
line of nurses sown at the same time, with the object of ascertaining if sufficient 
protection from frost and drought could bo afforded to the Sal seedlings by 
the nurses on either side, and if any particular nurse possessed special qualities 
in this respect. Seven different nurses were tried, the lines of muses being 
sown 3 ft. apart, with a line of sal between them. The following observations 
were recorded regarding the different nurses tried: (J) Eoherrhena antidysm■ 
lerica, not- sufficiently protective, the leaves falling early in the hot season 
and exposing the sal, which died back from drought; (2) Mallotus philip- 
■pinemis, a good nurse where it survived, but where it suffered from drought 
the sal died back from drought, though subsequent growth was good ; where 
protected by the nurse the development of the sal was good : (3) Bauhinia 
racemosa, a good nurse ; where protected by the nurse the sal suffered no 
damage from frost, though in places along the lines where the nurse was absent 
the sal seedlings were killed back ; (4) Eugenia Ja.mbola.na. unsuitable for 
growing in the open, as it suffers from drought itself; (5) Eucalyptus crebra, 
itself suffered a good deal from drought, but formed a sufficiently dense cover 
to protect the sal from frost, and proved a good nurse, the sal growing 
vigorously ; (6) Ougeinia dalbergioules, growth too slow to afford protection 
if sown the same year as the sal; (7) Bicinus communis (castor-oil plant), 
protected the sal well from frost and drought in the first two seasons, but 
afterwards became too tall and lanky to be an efficient protection. 

These experiments indicated that with tlie exception of the castor-oil plant 
better results would have been obtained by sowing the nurses a year or more 
in advance of the sal. In localities suitable for the growth of the sal, but 
in which the sal suffers in youth from frost, or drought, there seems to be 
good scope for experiments in solving it bet ween lines of suitable nurses 
provided these have been introduced at least a year beforehand, in which case 
. a distance of 3 ft, between the lines of nurses would probably be too little. 

United Provinces. In the Ramnagur forest division various records exist, 
of sowings in open grass-lands ploughed up prior to sowing : most of these 
have proved unsuccessful owing to damage from frost. The most important 
attempt was made over an area’of 25 acres at. Chopra on an open grassy hank 
on abandoned cultivation : the area is.Kituatfd close to the base of the outer 
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Himalaya on poor noil with a subsoil consisting of a deep boulder deposit. 
iSal seed was sfiwn about 1878 to 1880 in ploughed lines 15 ft. apart, and 
other species wore sown later to fill up gaps. In the earlier years the plantation 
was artificially irrigated by water-channels, but the young plants were killed 
hack by frost or drought for some years. In 1910 the lines were distinctly 
visible, though somewhat patchy : the trees had a height of 20 to 30 ft., 
which though not good for an age of about thirty yeajjs, is perhaps as satis¬ 
factory a rate of growth as might he expected in such aALtmfavourable locality. 
Sowings made at the same time on old fields at Khushkundli in the same 
division were more successful, the trees having attained a height of 20 to 
30 ft., in fifteen years. 

Sowings were made in 1907 and 1909 on deserted fields at Ghatura in the 
same division. The land was ploughed and the seed was sown broadcast, 
with the result that a thick crop of seedlings came up, and had reached 
a maximum height of 2 ft. in three years. The area became covered with 
a thick growth of grass, and the seedlings were killed back annually by frost; 
by 1914 they had made no appreciable progress. 

The restocking of the large grassy tracts, locally known as phantas, in 
the North ICheri forests was commenced on an experimental scale in 1905, 
and sowings in lines have been found to give good results. The tall grass, 
chiefly SaccJmrum Nannga, is burnt in January or February, and the ground 
is hoed up in lines 1-| ft. wide and 6 to 8 ft. apart, the seeds when ripe being 
sown several inches apart along the lines. Weeding and hoeing along the lines 
is canned out for two years after sowing, in order to aerate the soil and promote 
vigorous growth : the area is also carefully fire-protected. The development 
of the young plants is by no means rapid. Sowings combined with the raising 
of field crops would probably give better results, but the supply of agricultural 
labour is msufficient to allow of this on any scale. 

Transplanting nursery-raised seedlings with balls of earth has given 
variable results, but owing to the length of the taproot and the great care 
necessary ill transplanting, this method is likely to prove too costly and not 
sufficiently successful for adoption on a large scale. The Shirpur plantation 
at foimaria in the Pilibhit district was formed in this way. Part of it -was 
formed m 1893 and part in 1908. The seedlings used were pricked out twice 
in the nursery and transplanted when three years old : they were lifted with 
balls of earth about 1J ft. deep and the protruding ends of the taproots were 
out off. After transplanting the plants were for a few years watered in the 
dry season and protected from frost in the winter by cowls of grass. Sub¬ 
sequent growth is reported to have been good. 

Mr. R. G. Marriott has obtained successful results by transplanting 
nursery-raised plants two and three years old after pruning the. taproots to 
a length of 18 in. and the steins to about 1 in. from ground-level. The experi¬ 
ments were carried out in the Gorakhpur district in 1915 and 1916 with 
seedlings raised from seed sown in nursery-beds in 1913 ; over 3,000 seedlings 
were transplanted to the forest, and it was found that with care in trans¬ 
planting success could be obtained to the extent of over 90 per cent., although 
no watering was done after transplanting. The best results were attained 
with strong vigorous plants with thick stems, their size rather than their age 
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being the determining factor. For this reason plants three years old gave 
better results on the whole than those two years old. Regular weeding, 
loosening of the soil, and watering in the nursery, in order to stimulate 
vigorous growth, is thus of great advantage. The plants may be grown fairly 
close together, and should not be pricked out in the nursery, as encouragement 
should be given them to produce healthy taproots and not lateral roots. 

It was found advantageous to dig the planting holes a few months in 
advance, say about February, in order to allow' the earth dug out of them to 
become well aerated and to allow' rain-water to enter the holes and moisten 
the soil below them. The best season for transplanting was found to be as 
early in the rains as possible, that is, as soon as the ground became thoroughly 
saturated by the first heavy rain. If transplanted later the plants produced 
weakly shoots. In transplanting the best results were obtamed by digging 
up the plants in the nursery ift the evening, pruning them, and keeping them 
overnight with their roots embedded in soft mud in a trench, and transplanting 
them in the forest, in the cool of the following morning. Before planting all 
dead leaves should be removed from the bottom of the pit, in order to prevent 
the accumulation of deleterious organic matter and the sinking of the earth 
after being filled into the hole. While the earth is being filled round the 
plant it is very necessary that, it should, be pressed down round the roots ; 
failure to do tliis was found to cause the death of the seedlings owing to their 
becoming loose .in the holes or to the earth sinking and allowing water to 
accumulate in the depression so created. 'Subsequently it was found advisable 
to keep the seedlings clear of suppressing w'ced-growth and to loosen the soil 
round them periodically. 

Plants pruned in this way sent up new- shoots not long after being trans¬ 
planted, and on being dug up were invariably found to have produced new' 
taproots arising from close above the point, of pruning. It was noticed that 
plants with small shoots already springing from the base of the stems grow 
more quickly than others, which suggests the possibility ot obtaining good 
results by pruning dow'n the stems some little time before removing the plants 
from the nursery, in order to encourage these basal shoots. 

The transplanting of natural forest seedlings m the same way, after 
pruning their stems and roots, was also tried, but the results were far less 
successful than ill the case of vigorous nursery-raised transplants. 

So far as is known, the oldest sal plantation m the bunted Provinces is 
a small one ill the compound of the club at Bareilly, winch was formed m 
1S57. Fig. 50 shows a sal plantation. M2 acres m area m the railway' station 
y'ard at Gorakhpur 1 . It was formed in lfitsT or 188b by transplanting young 
seedlings brought from the forest: these were watered ill the earlier years. 
This plantation has been repeatedly thinned. Measurements made in the 
Bareilly and Gorakhpur plantations m 1910 and 11)17 respectively are given 
below (p. 123). 

Bengal. Artificial reproduction is destined to play a very important purl 
in tile regeneration of the moist forests of the Dual's, wiiich^owmg to prolonged 
fire-protection, have been brought, to a state, in which natural reproduction 
is impracticable. Far from bemg a disadvantage financially', artificial repro¬ 
duction is here likely to have a great advantage over natural rcproduclion in 













































able size lias been fixed as a rule at 6 ft. girth or 2 ft. diameter, with a rotation 
varying from 100 to 150 years. In Assam an exploitable girth of 0 ft. has 
been in fprce in Goalpara and Darning, the rotation being 120 years, and the 
felling cycle 15 years and 5 years in the two localities respectively. In Bihar 
and Orissa the Smghbbum forests have been worked under the selection 
system with yield by area : the exploitable girth has been G ft., the rotation 
ISO years, and the felling cycle 30 years. In the Banpur working circle of 
Puri an exploitable diameter of 2 ft. lias been adopted, with an estimated 
rotation of 120 to 150 years ; the yield is by number of trees. Jn the Centra! 
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4. Germination takes place under fairly dense shade, but the resulting 
seedlings do not^urvive, primarily owing more to an unfavourable soil factor 
than to the direct effect of shade. 

5. An important consideration in the establishment of reproduction is 
(he dying back of seedlings, which is due to various adverse factors such as 
bad soil-aeration in the rainy season, drought in the dry season, frost in 
frosty localities, and mechanical injury from animals, insects, fire, &c. In 
the case of the first, two factors the remedy is to promote vigorous growth, 
particularly of the taproot, in the first rainy season : this goes a long way 
towards ensuring the survival of the seedling in the subsequent dry season. 

, In the sal forests of the semi-moist type of Dehra Dun and many other localities 
1 with a loamy soil this can be effected by digging up the soil, removing the 
dead leaves by burning or otherwise, completely removing the overhead 
canopy, and weeding the young crop. 

6. Where frost, or drought are to be feared, protection from the side is 
of more value than overhead cover : it has been found that qverhead cover 
which is dense enough to cause the suppression of young sal plants may be 
insufficient to protect them from injury by frost. In the Dehra Dun forests 
excellent reproduction has been obtained by clear felling in patches or strips 

|| not more than 100 ft. and preferably not more than 60 ft. wide, removing 
ij dead leaves, digging up the ground., sowing sal seeds, and weeding the seedlings 
| during the first season. The most favourable direction of strip fellings has 
I yet to be determined, and it may possibly be found to vary locally. In Europe 



in the Bengal Duars and Assam the admission of light produces a rank growth 
of weeds and climbers, which prevents®klie establishment, of reproduction (see 



























is. visifcd a.t. irequent intervals it is divided ir 
fellings go round those m a felling cycle of four 
A concentrated system of working has recer 
of the sal forests of the Kamnugar division, United Pr< 
to winch this system is to be applied at present forms 
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in periodic, block 1 at t he end of this preparatory period, when in all probability 
the treatment applied will be similar to that now applied to the areas formerly 
worked inuler ooppicc-with-sl-andards. The regenerative measnres to be 
commenced during the preparatory period will be the freeing of advance 
growth and the stimulation of further reproduction in the manner indicated 
above. The rotation has not yet been fixed. 

The case of the sal forests of the Duars presents problems of a special 
nature demanding very special treatment. These forests have already been 
described above (pp. 70-73). They had their origin in burnt savannah 
tracts, but continuous fire-protection for some decades has entgely altered 
the character of the undergrowth, which now consists largely of a dense mass 
of evergreen shrubs, herbaceous plants, and climbers. Not only has sal repro¬ 
duction been entirely suppressed, but the altered soil conditions, in the shape 
of bad aeration due to increased moisture, have rendered it impossible for sal 
seedlings to establish themselves in spite of intensive cleanings. Experi¬ 
mental fellings’ burning, cleaning, and artificial sowings in cleared strips 
through the forest have proved of no avail, and it is evident that until the 
condition of the soil has been radically altered, it will be impossible to raise 
young crops of sal. This, it is known from past experiments, can be effected 
by clear-felling, burning the refuse, cultivating the soil, and raising crops of 
sal by artificial means. It has therefore been decided to adopt the system of 
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for the purpose of carrying out the works of reproduction and tending will 
necessitate the creation of many different felling series. So far the rvork lias 
been purely experimental, and this will probably continue to be the case for 
some time to come. Some of the results already obtained, have been described 
above (p. 109). A special feature of this system of artificial restocking of 
clear-fellcd areas in the Duars is that in order to obtain labour to carry out 
the temporary cultivation required in connexion with the raising of sal crops, 
it is necessary to provide the villagers witli a certain area of wet cultivation, 
to the extent, at present, of a maximum of 3 acres per house. This reduces 
the forest area available, but in spite of this the actual quantity of sal produced 
per acre o-^p- the whole area will be very much larger than it has been in the 
past, owing to the more complete stocking of the sal crops. 

The treatment just described will be applied for the present only to the 
low-level moist sal forests of the Duars. Want of labour prevents its immediate 
extension to tlie waterless high-level tracts which are characterized by a dense 
undergrowth of mu grass (Pollinia ciliaia ), and here annual burning will be 
carried out in the hope of replacing it by savannah grasses in which sal has 
more chance of regenerating naturally. If sufficient labour becomes available 
in future, however, it is not improbable tiiat the system of clear-felling with 
artificial reproduction may be adopted ultimately. 

4. Tending operations in high forest crops. The first operations necessary 
in the treatment of young sal crops are cleanings, which consist in freeing the 
young sal from weeds, from faster-growing inferior species, and from climbers. 
As a rule the first cleaning is carried out the year after the main felling, and 
at the same time damaged or misshapen sal saplings are cut, back to near 
ground-level with the object of causing them to produce straight coppice- 
shoots : this cutting back operation is of great importance. Recently in the. 
United Provinces experimental cleanings have been carried out two years 
before the main felling, the object being to prevent coppice regrowth of fast¬ 
growing inferior species owing to the shade of the canopy. These experiments 
have proved highly successful, and it is proposed to extend considerably the 

the cutting back of badly shaped and damaged sal saplings will still be necessary 
after the fellings. Cleanings are repeated as long as and at such intervals as 
may be found necessary. 

Thinnings constitute an important operation in the tending of sal crops, 
although opinions differ as to the intensity with which they should be carried 
out. That girth increment is stimulated by thinning requires no demonstra¬ 
tion. The precise effect on the volume increment per acre of thinnings carried 
out to different degrees of intensity is under study in numerous sample plots, 
but these have not yet been under observation long enough to produce detailed 
results. But in any case such figures must often be of merely academic interest, 
since thinnings in sal crops should naturally be carried out under the ordinary 
rules of silviculture, and in this respect the sal does nqt differ materially from 
other gregarious species which tend to form dense crops. Generally speaking, 
it is not held to be advisable to thin sal crops too hea vily until the time arrives 
for opening the canopy for regeneration. It is often necessary, however, to 
thin existing crops more heavily than would otherwise be advisable in order 
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aged crop such as correct silviculture should aim at. Most of the divisional 
sample plots contain trees of widely different girths, and many of the smaller 
stems 911 which the rate of growth is estimated must have been suppressed 
for years. The Research Institute plots are laid out in even-aged crops, and 
the error in the case of these is probably not so great, but none of these plots 
have yet been tended regularly for a sufficient length of time to produce the 
best stem development. 

The excessively slow growth in the natural crops of Mandla and Balaghat 
in the Central Provinces may be contrasted with the rapid growth in the 
plantations of Buxa and Jalpaiguri in Bengal. That trees artificially raised 
and tended are capable of rapid growth may be seen from the following 
measurements made by Dr. Brandis in 1863 in respect of trees of known 
age at Saharanpur and Calcutta : 1 

girth 27 in. (mean of 33 trees) 

„ 514 in. 

” I?™' 

The rapid growth of artificially raised sal in the Bengal Duars is shown 
in the case of a small plot in an abandoned nursery bed at Mendabari in the 
Buxa district. Seed was sown in June 1911, and the resulting seedlings grew 
rapidly, without dying back, into a dense clump of saplings. In January 
1915 these were thinned out, 43 saplings being left. The following measure- 


Saharanpur, age 13 years, 

„ „ 30 „ 

„ „ 35 „ 

Calcutta, ,, 25 ,, 
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tom measurements in high forest sample plots. 









in such crops have been published from time to time in the Indian Forest 
Records, but a compilation of general results has not yet been attempted. 

Numerous figures giving the out-turn of coupes or the average out-turn 
of single trees are oil record m different localities. These are of use locally, 



are for the most part of little value, 
from very abnormal crops worked 
irricd out under varying conditions, 
ten largely unsound or misshapen. 

:i 1916 and 1917 in sal plantations 
und Oil the plains of northern India, 
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(if sill coppice is comparatively last for 
fk-r which it Itecomes slower. Certain companion 

<lnm„ resUtn. hag-rslror.min r ,rvijlnra. Ky.lia aJyci*a, 

■. , r '.; a .„ul Terminalia towlw - usually outgrow the 

;r;;:-: , ; h ir speciefi 

«-*P< VV .„,„mha ,o„, e ,^, nh chkc«^ - mras , ireraent4t ma de in 
The following statement gives the lesuirs oi 
coppice cnii]ics in diffcicnt localities . 



Out-turn figures for coppice recorded ill coupe registers are not always 
to be relied on, since the figures are often vitiated by the inclusion of the 
out-turn of standards. The statement, on the next, page, compiled from 
measurements made by me m 1911 in coppice coupes in the West Lehra and 
Ramgarh forests, Gorakhpur. United Provinces, gives an idea of the volume 
yielded bv coppice, m coupes of different, ages, (a) in specially selected fully 
stocked plots, and (b) as a general average. The measurements were made 
along straight lines : J- chain wide running through the coupes and embracing 
crops of various degrees of stocking. 

d. Shores Tiunlmggaia,. Roxb. Syn. Vat-ica Titmlmggtria, W. and A. 
Vern. lummllmmh, lambagm, Tam. ; Thmnba, Tel. 

A Urge tree, with dark, thick, rough, longitudinally fissured bark. Trees 
up to li or i ft. in girth and 50 or GO It. m height are met with occasionally, 
but, most of the large trees have been cut out : old stumps show that at one 
time luces up to 20 ft. in girth were sometimes to be found. This species 
does not attain so great a height as S. Talura. Wood very hard and durable, 
used ioi house-building, particularly for posts, rafters, and door and window 
frames. It lasts well under water, and is much used for well-linings. 

UisirnnriioN and habitat. The tree occurs most plentifully, although 
its distribution IS somewhat limited, in the Seshachellam and Veligonda hills 
ill tile Uiddnpah and North Areot, districts of Madras: it is also found in 
ei quantity in 1 lie K.unbakkan and Nogalapnram hills of the Chingleput 
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veil-drained ground, associated 


tx Inh jttha f 'hUrroxyUm 


mhitilui Uimnilosa, 


' Vhchvlii , Bur.hmnmia latifnliti, Eugenia 
IS. D*W»» Mlxrgia mjMa, and 

, •. c willi nn undi'i'LrrowlJi ol Phomr.c hwnh*. Jhe tree 18 to 

"orao p\|pid "J0"arionK- forming pntchcK ot varying chiefly on the 

; p „u slope. .wfrusts of 11,e lulls .ml on pl.t, .ns on vrll-d,a,nod ground 
will. •. soil usually conswfng of red loom mid gravelly sand. Jug. 68 shows 
s Is pie ,1 Odell of fousl On diwidgcsmdpi.li.iuMh, lice lends to become 
si .inled hut .... lower slopes end in valleys it reaches good dimensions. In 
its natural habitat the absolute maximum shade temperature is about 110° F., 
•md the absolute minimum about, 55' It. : the rainfall js about 30-35 in., of 
which more Ilian half falls during the south-west monsoon from May t.o 
Pepi ember, the greater portion of the remainder falling during the north-east 
monsoon from October to December. 

Ftowfiujtg akh FRUITING. The flowers appear m March-April, and the . 
fruits ripen in Junc-July. Good seed-years are sajd to occur about once 
every two years. The. seed occasionally starts germinating before falling from 
tlie tree ; like that of other dipterocarps, it loses its fertility quickly, and if 
timely ram does not occur at the tune tile fruit falls or immediately after the 
seed fails to germinate. 

iV]l.vinoLTO rai characters. Khoren T-wmbutiya.m belongs to the xero- 
philous type of dipterociirps (see p. 33). Its silvicultural characters have 
not been studied m detail, but, it apparently has good power ot recovery from 
injury, having survived the effects ot continued burning m the dry billy tracts 
in which it, is found. Natural reproduction in the Seshacliellams is reported 
to be good ill fire-protected areas. 

3. Shorcu olilusn, Wall. Vein. Tlalya. Burui. 

A largo deciduous usually gregarious tree reaching a. height of 80 ft. or 
more and a girth ot JO ft. and over: Mr. A. Dodger records one ot 17 ft. in 
the Ruby Mines district. Bark thick, dark grov, brown inside, rougty with 
deep longitudinal fissures. Wood very hard and durable, much used for 
building. Lac is occasionally produced on this free 

DlSTivimmoN AM) habitat. Except that it, does not extend so far 
noith. the distiibution and habitat of this tree and its climatic requirements 
die practically the, same as, those of Penlacine suavu. with which it is very 
commonly associated in similar types of forest. It occurs as far north as the 
Ruby Mines district between 23“ and 24° N. lnt., and it is mentioned in the 
list of trees occurring m the Mawku and Aiilaw working circles in the Upper 
hindMin dist.Kl 23' to 2t° N lat (voikmg plum 1„ I ( Dav.s and 8. F. 
liopwood). 

LEAl'-SUIiDIHNli ],y 
early part ot the hot, s 


after the bill ol the old on< 
appeat ill March and the 
tlnec. of the wings heme about 2 ii 
The fruits are light and are blown 


hung, and iwim The leaves are shed in tile 
n , the tree remains leafless during a portion of 
localities the new leaves may appear very soon 
’• Tllc inflorescences ot yellowish fragrant flowers 

.'• ni May. The latter are five-winged, 

and tile other two about 1| in. long. 
J considerable distances : like that of 
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other dipterocarps, the seed geminates soon after falling, and will not keep 
any time. 

Silvicultural characters. Shorea obtu-sa belongs to the xerophilous 
type of dipterocarps (sc.e p. 32), and its silvicultural characters are practically 
the same as those, of Pentanme suavis. As in that species, the growing period 
is short, being confined to the hot season. The tree coppices well up to a 
moderate size, but is not known to produce root-suckers. 

Natural reproduction. As with Pmtacme suavis, reproduction is 
usually good, but the conditions governing it have not yet been studied in 
detail. 

* 4. Shorea Talura, Eoxb. Syn. S. lacctjem, Heyne ; Valica laccifem, 
W. and A. Veni. Talura, talari, pmma-marom, Tam. ; Jalari, Tel. ; Jala, 
Coorg ; Jhallanda., Mysore ; Jhall mam, Kan. 

A large tree attaining a height of 80 ft. and a girth of 8-10 ft. Bark 
grey, somewhat smooth. Wood moderately hard, much used for house¬ 
building and for the large front posts of temples. Lac is sometimes produced 
on the tree. 

Distribution and habitat. , The southern Deccan districts of Madras, 
in Cuddapah, North Arcot and Anantapur, Mysore, Coorg, the Wynaad, 
Malabar, Coimbatore, and Madura, up to 3,000 ft. elevation. Travancoro 
in Morrayur and Anjanad, rare (Rama Rao). This is a tree of the moist or 
evergreen forests in damp ravines and valleys, sides of streams, and lower 
slopes of hills, where it is associated with Mangifera indica, Mimusops Elcngi, 
M. hexandru, Eugenia Jambolana. Mormda hnctoria, Plerocarpus Marsupium, 
Dalbergia, latifolia, Terminalia spp., and other trees, and sometimes with 
Shorea Tumbuggaia and Plerocarpus sanlaMmis in the southern Deccan hills. 
It is hardly a gregarious species, though it often occurs in patches of varying 
extent. Fig. 59 shows the type of forest in which it occurs. In its natural 
habitat the rainfall varies from 30 to 80 in. and possibly more, most of the 
rain falling between May 'and September and the. greater portion of the rest 
from October to December : the absolute maximum shade temperature is 
about 110° F., and the absolute minimum about 50° F. 

Flosvbring and fruiting. The white or pale pink flowers appear in 
February-March, and the fruits ripen in April-May. 

Silvicultural characters. The silvicultural characters of this tree 
have not been studied in detail, but judging from its habitat it probably 
belongs to the hygrophilous type of dipterocarps (see p. 32). It is said to 
regenerate freely. 

5. Shorea assamica, Dyer. Vern. Makar, Assam. 

A very large tree with a long clean bole and rough brown bark. Wood 
light brown, handsome, open grained, much softer than that of Shorm robusia ; 
it is of good quality, and if more plentiful would undoubtedly be in demand 
for various purposes. 

Dlstribution and habitat. Upper Assam at the foot of tho Naga lulls 
in the Sibaagar and Lakhimpur districts in evergreen forests. Upper Burma 
in the Katha district, in moist valleys. Mr. Milroy 1 says it is reported lo 
occur in evergreen forest in the Abor country near Fobamukh, associated 
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habitat. Western India from North Kanara to 
1 or 4,000 ft., chiefly in evergreen forests, but occa- 
deciduous forests. In Coorg it occurs both in the 
he ghats up to 3,500 ft. elevation, in the latter locality 
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to, DijiUromrpus indicus, Dysoxylmn malabaricum, 
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Artocarpus Ursula,, A. integrifolia, Calophyllmn tomenlomm, Dichopsis elliptica, 
and Mesvaferrea. Enumerations carried out in 1914-15 by Mr. N. E. Sbrigley 
in the evergreen forests of Coorg showed that this was the most plentiful of 
all the important species, there being on an average 73 trees 7|- ft. and. over 
in girth per 100 acres. In the natural habitat of the tree the climate is humid : 
the absolute maximum shade temperature varies from 95° to 100° F., the 
absolute minimum from 55° to 65° F., and the normal rainfall from 80 to 
200 in. or more. 

Flowering and fruiting. The flowers appear from January to March, 
and the fruits ripen from May to July. The fruits are fleshy and wingless, 
2~2-5 in. long, containing one large seed. 

Silvicultural characters. The tree belongs to the hygrophilous type 
of dipterocarps (see p. 32). It is a pronounced shade-bearer. 

Natural reproduction. The heavy seed falls close around the tree ; 
it, germinates readily, and natural reproduction is usually plentiful in the 
neighbourhood of seed-bearers, the. seedlings standing a considerable amount 


ORDER X. MALVACEAE 

The trees of this order-which are of chief forest importance in India are 
Bombax malabaricum, DC., the cotton tree, with a soft whitish wood used 
for packing-cases and in’ match-manufacture ; B. insigne, Wall., with a similar 
but somewhat better wood; and Kydui ealyevna, Roxb.. important more as 
a common Indian forest tree than as being of any great economic value. The 
order contains many plants of economic importance as producers of fibres, 
both from the bast and from the fruits; to the latter class belong the cotton 
plants (Gossypivm spp.). 

Genera 1. Bombax, Linn.; 2. Kydia, Roxb.; 3. Tiiespesia, Correa; 
4. Eriodendron, DC.; 5. Adansonia, Linn.; 6. Durio, Linn.; 7. CuLLENra. 
Wight, 

1. BOMBAX, Linn. 

Large deciduous trees with digitate glabrous leaves. 

Species 1. B. malabaricum, DC.; 2. B. insigne, Wall.; 3. H. scopvlormu, 

Dunn. 

1. Bombax inalabaricuin, DC. Syn. it. hcplaphyllmn , Cav. Cotton tree. 
Vem. Simal, Hind. ; Sayar, Mar.: Burla.saitri. Kan.;. Bvrgha, Tel.; lllavu, 
Tam. ; Letpan, Burm. 

A very large deciduous tree with a straight- cylindrical stem and hori¬ 
zontally spreading branches in whorls : large trees are nearly always butt rcssed 
at the base. Bark smooth, grey, 0-7-1 in. thick, that of young trees and 
branches covered with large conical prickles, that of older trees often with 
somewhat widely separated longitudinal cracks. 'The leaves arc digitate, with 
five to seven leaflets. 

The simal tree attains very large dimensions, a height, of 130 ft. and 
a girth of 12 ft. above the buttresses being not uncommon. When grown 
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bole sometimes 80-1110 it. in length to the lowest branch. Mr. Gamble 1 refers 
to a tree in Palamau which was 135 ft. high and 115 ft. in girth round the 
buttresses. A tree recorded from Travaneore in 1909 had a girth round 
the buttresses at S ft. from ground-level of 42 ft., the girth above the buttresses, 
which averaged 20 ft. in height, being 15 ft, 4 in. Mr. J. G. F. Marshall 1 
records a very large tree situated on shallow soil with a gravelly and free 
subsoil at an elevation of between 700 and 1,000 ft. on the summit, of a small 
hill at the foot of the Ooorg ghats, where the normal rainfall is 190 in. Its 
height was 195 ft., girth at 3 ft. from ground 102 ft., and at 30 ft. from ground 
13 ft.; it had seven large buttresses which would have easily contained an 
elephant between any two of them. The wood is soft, light, whitish in colour 
and perishable, and soon becomes discoloured if not quickly sawn up. It is 
used for rough planking and for tea-boxes. Although not a first-class, match 
wood, it has been used more than any other wood in India for the manufacture 
of a cheap grade of matches owing to its abundance and accessibility. The 
capsules furnish a silk-cotton used for stuffing pillows. 

The econornie value of the simal as a timber tree lies mainly in its rapid 
growth and volume-production, for although the actual value of the wood 

returns higher than those yielded by trees with much more valuable timbers. 

the most arid tracts. It is most commonly found on flat alluvial ground near 
river-banks, where it is often gregarious (see Fig. 62). Here it grows fastest 

siderahle proportion of sand. It is often found scattered in mixed usually 
deciduous forest and even in sal forest, and is a characteristic tree on grassy 
savannah lands, whore it often becomes gregarious. It will grow on badly 
drained ground, but here the growth is comparatively slow and the develop¬ 
ment poor, the trees remaining stunted with tapering boles. In the Debra 
Dun valley it is one of the commonest trees on patches of shallow soil over- 
lying hard calcareous tufa ; here it is stunted. Talbot says it grows in exposed 
situations on the hard trap of the Akrani (Satpuras) at 3,700 ft. altitude; 
the stems are often stout and short, with the branches shortened and curved 
upwards at the ends. It is often found in various unlooked-for situations ; 
thus it penetrates for some distance into the Himalayan valleys and may he 
found scattered on the slopes of tho hills, sometimes in very dry situations, 
up to about 4,000 ft. or even more. I have seen a tree at 5,000 ft. elevation 
above Mangoli in the Naim Tal hills, associated with Qutrcus incam. Its 
wide distribution is due to tho fact that the cotton-covered seeds are carried 
by the wind to very considerable distances. 

The simal occurs in regions showing a wide range of temperature and 
rainfall, but thrives best in a comparatively moist tropical climate. In its 
natural habitat, excluding places where it is found up to 3,000-4,000 ft. or moro 
in the hills, the absolute maximum shade temperature varies from 95° to 
120° F.. the absolute minimum from 25° to 65° F., and the rainfall from 
30 to 180 in. or more. 

Leaf-siiebding, flowering, and fruiting. In some cases, particularly 
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in dry situations, the leaves may turn yellow and commence to (all in the 
beginning of December, (he trees being leafless by the end of that month. 
Some D-ees, particularly in moist situations, may remain in full leaf till March. 
The new leaves appear in March or April. The large round dark brown buds 
become conspicuous in December. The sihowy scarlet Mowers appear in .January 
and February, and sometimes continue till March ; the trees are usually 
leafless at the time of flowering, but if in leaf the flowers are as a rule not 
so numerous. The trees when in full flower present a striking blaze of colour ; 
the fleshy petals are attacked by crows, minahs, and other birds, and when 
(hey fall to the ground they art' eagerly devoured by deer. I have observed 
squirrels (Sciurus maximum) eating the flower-buds in quantities. Pollination 
is effected by bees, which visit the flowers in ^trge numbers, as well as by 
birds, which seek the nectar or search for insects, und get their heads covered 
with pollen. Even martens (.Varies jhiviyvJo ) have been observed visiting the 


The fruits develop very rapidly, sometimes reaching a length of 3 in. 
while there are still flowers on the tree ; they ripen in April and May. The 
fruits are oblong woody fivt-valved capsules 4-0 in. long, which open usually 
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liave demonstrated the necessity for weeding thoroughly 
plants during the first two years and keeping the soil lc 
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of the Kheri district, Oudli, have been in progress for some years, with vary¬ 
ing results. Numerous failures have occurred, some owing to pigs and rats, 
some to frost, some perhaps to the stiffness of the soil or want of drainage in 
places, and some to damage by fire. In the earlier years the plants also suffered 
from the attacks of insects, which damaged the leading shoots. The most 
fruitful cause of failure 111 the earlier experiments, however, was probably 
the fact that weeding was not earned out, for the success has been greater 
since regular weeding was instituted. These areas are covered with a heavy 
growth of high savannah.grass, and unless the lines are kept clear a consider¬ 
able proportion of the seedlings are liable to be killed by suppression. 

6. Plantations raise.il milt unirrigated field crops. In experiments at Debra 
Dun, line sowings in combination with field crops have given greater success 
than any other form oi artificial reproduction without the aid ol irrigation. 
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Mr. E. Marsden ascertained from an examination of six trees at Dehra 
Dun that each intemode represented a year’s growth ; if this holds good 
generally, then it should be possible to estimate the age of standing trees 
fairly accurately by counting the number of internodes between whorls of 

branches. 

2. Bombax insigue, Wall., including B. canibodie.it se, Pierre, and B. aiweps, 
Pierre. 

The sub-species and varieties of tills tree have not yet, been fully deter¬ 
mined. Gage 1 describes the following : 

I. Sub-sp. genuina , Prain. 

(а) Var. typica. A large tree reaching a height of 100 ft. and a girth of 
20 ft. Bark more or less covered with conical pricldes. Leaves digitate with 
5-12 leaflets. Flowers with red petals about 5> in. long. Capsules 0-8 in. 
long by 1-6 in. in diameter. 

Loe. Chittagong, Arakan, Burma (Bliarno, Pegu and Arakan Yoma, 
Tenasserim, N. Shan States). Vern. Didu-pyu, Tenasserim ; Shin, Tavoy ; 
Sit-pan beioip, N. Shan States ; Didok, kokhe, Pyinmana. 

(f>) Var. IVightii. Prain. A large tree with more or less prickly bark. 
Leaflets 5-6 or more. Petals red, about 31 in. long.' Capsules about 5-7 in. 
long by 2 in. in diameter. 

Loe. Burma (Shwegyin) : Indian Peninsula on the W. Ghats. Vern. 
Didu, Burm. . 

. II. Sub-sp. anceps, Prain. 

(a.) Var. vern. Sya. B. anceps, Pierre. A lofty tree reaching a height of 
100 ft. and a girth of at least 16 ft. Bark greyish, more or less prickly when 
young. Leaflets 5-7. Petals red or white. Capsule woody, dark brown, 
3f-4 in. long with five very prominent- rounded ridges. 

Loe. Burma (Pegu and Arakan Yoma, Upper Burma,, N. Shan States, 
Salween). Vem. Didu-pyu, didok, Burm. ; Kowa, Karen. 

(б) Var. cambodiensis. Syn. B. cambodien.se, Pierre: 

A tree reaching a height of about 80 ft. Bark grey, covered with conical 
spines. Leaflets usually seven. 

Loe. Upper Burma, Cambodia. 

Of other varieties distinguished by Prain * may be mentioned var. anda- 
manica, so far found outy in the Andaman Islands, and differing from flic 
normal type in having narrow leaflets. 

If any silvicultural distinctions exist among the different sub-species or 
varieties, they have not yet been studied, and the species may be considered 
as a whole. Generally speaking this is a large deciduous tree with grey bark, 
which in youth at least is covered with conical pricldes. In dimensions it 
probably equals B. malabaricum, which it also resembles somewhat in general 
appearance, the chief superficial distinction being that B. iwtigne has larger 
flowers and usually more numerous leaflets. In Burma its usual name is didn, 
sometimes didok (or kdkhe in Upper Burma for var. cambodiensis). The wood 
is superior to that of B. nutluharimm, and, as in the case of that species, the 
capsules furnish a silk-cotton. 

■ . Distribution anp habitat. The natural home of this tree is in Burma, 

1 Ind. Forester, xsxiii (1007), p. 115. * Journ. A»i»t. Hoc. Beng., Lit, 1893. 
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direct sowing does not give much success owing to the low germinative power 
of the seed. Transplanting is successful if carried out in the first rains with 
seedlings 2-3 in. high raised in seed-beds. In the second rains plants raised 
in the nursery are too large to transplant successfully, either with entire roots 
or with pruned stems and roots. 

Rate of gbowth. The rate of growtli is rapid. Natural untended seed¬ 
lings in an experimental plot near Kotdwara in the United Provinces attained 
a height of 25 to 30 ft. in five years. In coppice coupes two years old in 
Gonda division, United Provinces, out of 17 species it was found to be surpassed 
by qpe species only, namely Careya arboreu, which had coppice-shoots averag¬ 
ing 12 ft. in height as against 10-6 ft, for Kydia and 7-0 ft. for sal. In one- 
year-old coppice coupes in Bhandara, Central Provinces, the average height 
of Kydia shoots was 5 ft, 7 in, other measurements being: teak 7 ft. 1 in, 
Xylia 6 ft. 8 in. Acacia Catechu and Lagerstroemia parmjtora 6 ft. 1 in, Dios- 
pyros Melanoxylon 5 ft, 1 in, and Bosnia' lalifolia 4 ft. 3 in. Measurements 
recorded by Mr. A. P. Broun in coppice coupes at, Bullawala, Dehra Dun, in 
1886, gave the following results for Kydia and sal: 

Age 

Average height 
Average girth 

It is probable that the tree reaches its maximum dimensions at 
paratively early age, though the exact, age has not been determined. 







year. A large tree produces 1,000 to 1,500 fruits per annum, each of which 
contains about 0-7 to 1-2 grammes of dry fibre. Hence on an average a v. ell- 
developed tree may be expected to produce an annual yield of § to 1| kilograms 
(about 11 to 2| lb.) of clean fibre. In Java the tree flowers in April-May, 
and the fruits ripen in October-November : in India it flowers in December- 
January, and the fruits ripen in March-April. The fruits are collected when 
t ey are just beginning to open, by means of a long bamboo pole bearing 
a small hook at the upper end, and are placed in the sun until they open, 
when the seeds and fibre are picked out and then separated by beating or by 
means of a simple machine : the device described above (p, 137) for separating 
t le seed from the floss of Bombax malabaricum would be suitable. 
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5. ADANSONIA, Linn. 

Adansonia digitate, Linn. Baobab, Monkey bread tree. 

A tropical African soft-wooded tree which has been introduced into 
India. Its growth is rapid, and it is remarkable chiefly for the enormous 
thickness of its trunk, which tapers upVards and divides into large limbs. 

«. DURIO, Linn. 

Durio ziht'thimis. Linn. Durian. Venn JJuyin, Burm. 

A large handsome pyramidal evergreen tree, indigenous in the Malay 
Archipelago and extensively cultivated in Tenasserim, It is celebrated for 
its large prickly fruits, which have a most offensive odour. The cream-coloured 
pulp surrounding the seeds is considered by some to be a great delicacy. The 
seeds are large, about twelve weighing 1 lb. ; they soon lose their vitality. 

7. CULLENIA, Wight. 

Oulleilia exeelsa, Wight. Vern. Vedupla, Tam. ; Kamyani, Mai. 

A moderate-sized to large evergreen tree, pyramidal in shape, and some¬ 
what resembling the durian in habit, indigenous in the Western Ghats from 
Coorg southwards and in Ceylon. The fruit, which is not edible like the durian, 
is the size of a large orange, and is densely covered with prickles ; it does not 
possess the olfensive odour of the durian. The seeds are few, 1-3 in. long, 
brown, shining, with a hard testa, surrounded by a large fleshy white arillus, 
about 40-45 weighing 1 lb. ; they are somewhat perishable. 


ORDER XI. STERCULLACEAE 

This order is of considerable forest importance, furnishing besides fibre- 
yielding trees certain species rvitb good timbers. 

Genera 1. Sterceua, Linn.; 2. Hebitikra, Aiton ; 3. Pteeospermum, 
Schreber ; 4. Helioteres, Linn. 

1. STERCULIA, Linn. 

.Soft-wooded trees with timber of little value, but some of which yield 
useful bast fibres or gums : there arc over twenty species in India, most of 
wliieh are deciduous. 

.Species 1. S. wan, Roxb.; 2. S. vilhm, Roxb.; 3. .S', alatn, Roxb.; 4. S. 
foetida, Linn. 

1. Stereulia nrens. Roxb. Vem. Gulv, kulv, gitlur, Hind. ; Kurni. l-tniilol. 

Mar. 

A moderate-sized to large deciduous tree with smooth greenish grey or 
white bark peeling in large papery exfoliations. It is characteristic of dry 
open forests, chiefly on stony and rooky bills, in northern ami central India, 
the Deccan, Rajputana, and Chota Nagpur, usually associated with Botmlliu 
serrate and often gregarious ; it also occurs on the west coast on rocky ground 
in North Kanara and the Konkun. In Burma it is found in dry upper mixed 
forests in hilly country. In India it is leafless from Novembei-Deceinber till 
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with grey or brown bark covered with corky 
•ing large leaf-scars ; it is common in deciduous 
forests’throughout the greater part of India and Burma. It sometimes attains 
very largo dimensions, with a straight clean bole ; Mr. A. Rodger records 
a tree 14 ft. in girth in the Ruby Mines district of Upper Burma. In the 
Bengal Dnars some tine specimens are to be seen m the drier types of forest 
on deep gravel formation near the base of the outer hills associated with 
Shorea robitMa. Lagerslroemm parmflora. Uedrela Tomxa. Bomba* maJabaricum, 
Albizzia procera, Termimlia bderica, Gmdina arborea, and other deciduous 
trees. The large long-stalked deeply lobed leaves fall in November-December, 
turning first yellow, then brown and shrivelling up, and the tree remains 
leafless till May or June. In January-February the clusters of drooping 
panicles of yellowish flowers are conspicuous at the ends of the bare branches, 
the five-lobed calyces, about 0-5 in. in diameter, yellow with a Teddish centre, 
falling to the ground in quantity: the dry follicles of the previous year are 
often stall on the tree at this time. The follicles ripen m Apnl-May, their 
beautiful scarlet lining when they open giving them at first sight the appear¬ 
ance of flowers. The seeds germinate at the beginning of the rains, soon after 
falling : about 110-120 weigh 1 oz. The seeds are somewhat perishable ; 
a sample kept for one year showed a fertility of only 6 per cent. In soil which 
is still or too damp the seedlings are apt to rot off : a light sandy soil is most 
favourable to their establishment. Germination is hvpogeous, the cotyledons . 
remaining within the testa and developing short petioles from between which 
the plumule emerges: the early leaves are. thrce-lobed. The tree coppices well 
and grows very rapidly. Natural seedlings in an experimental plot near 
Kotdwara, United Provinces, attained a height of 15 to 20 ft. in four to five 
years. The bast yields a strong fibre winch is much in request for rough 
cordage ; the cortex yields a white gum. 

3. Sterculia alata. Roxb. Syu. S. Ilaynii, Bedd. Venn Tula, Beng. ; 
m, Kan. ; Ana thondi. Mai. : Letkok, Bunn. 

A very large evergreen tree with smooth grey bark, a straight cylindrical 
bole, and large simple entire leaves ; large trees are often buttressed at the 
base. It occult, m hire Tisla valley, Sikkim, the Duars (not common), Assam, 
Chittagong, Lower Biuma, the Andamans, the west coast of India from 
oit i i anarasoulhvards.Tmnevelly,andTravanoore. Itisfoundsporadically 
' situations in tropical evergreen forest, where it is one of the largest 
it with, often towering over the surrounding vegetation. The flowers 
« m Februarv-March, and the large globose woody follicles ripen in the 
season : the seeds are winged, about 2-5 in. long, some 20-30 being 
in each follicle. Natural seedlings and saplings are sometimes 
in the neighbourhood of seed-bearers, and are easily recognized 
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ven sample plots in sundfi forest ii 


i’nriber enumerations in the Sundarbans forests of Bengal are quoted 

is regards climatic requirements, the sundri grows in regions with a warm 
)lc climate and a fairly heavy rainfall. The following meteorological 
ties refer to the principal localities in which sundri forests are found : 


The Sundarbans forests. The famous Sundarbans tract of Bengal, in 
which the sundri is the most important species, is one of the most valuable 
forest estates in India ; it supplies with timber, firewood, and other produce 
not only the surrounding districts but also the town of Calcutta. This tract 
forms the southern portion of the Gangetic delta, bordering on the Bay of 
Bengal and extending 180 miles east to west and 80 miles north to south. 
Tile Government forests of this tract are confined to the Twenty-four Parganas 
and Khulna districts : the reserved forests comprise an area of 1,703 square 
miles, of which 594 square miles are water-channels, while the protected 
forests, portions of which have been disforested from time to time, at present 
comprise an area of 1,711 square miles. Apart from the Government forests 
there is an adjoining tract, of forest in the Backerganj district in process of 
being cleared for cultivation. 

The forests occupy a flat plain o£ recent, alluvial origin formed, and still 
in process of formation, by the gradual deposition ot silt brought down by 
the Ganges and Brahmaputra rivers, and intersected by a network of rivers 
and channels. The larger estuaries, which run in a general north to south 
direction, are more than a mile wide where they enter the forest and three to 
four miles m width where they debouch into the Bay of Bengal. These 
estuaries or rivers arc old beds of the Ganges, which has gradually trended 
eastwards forming new channels, and these old beds would long since have 
silted up but for tidal action : their upper reaches, traversing cultivated lands, 
are gradually silting up, preventing fresh water-from passing down them, with 
rile result that their lower reaches are tending to become more and more salt, 
part fiom the main estuaries there are innumerable side channels known as 
ta s, some of which (barani khals) lead from estuary to estuary, and others 
{niara vials) gradually branch into smaller channels until they disappear in 
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the forest. Many of the smaller khals have their origin in depressions of 
varying size known as bhils, which as a rule are not well stocked with tree 
growth. The khals are kept open by the action of the spring tides, which at. 
high water cover the whole country to a depth of a foot or more, and in 
receding scour out the channels'and prevent them from silting up. On 
cultivated lands the construction of bunds to keep out the salt, water prevents 
this tidal action and causes the channels to silt up. During the dry season 
the influence of the tides is felt far up the channels, but in the rainy season 
tidal action is nullified by the constant stream of fresh water seawards. The 
khals are the natural highways for the extraction of forest produce, which is 
all brought out by boat, the tidal currents being utilized for conveying the 
boats in one direction or the other. The erosion which takes place along 
the banks of some of the larger rivers is counterbalanced by fresh deposits 
of alluvium in the form of low islands usually near the centre of the mouths 
of the estuaries : these islands or banks, locally known as churs, vary in 
composition from hard sand along the sea-faee to soft mud farther inland, 
and frequently form barriers across the mouths of the larger rivers, especially 
towards the east of the Sundarbans, constituting a danger to navigation. 
When these banks become islands they intercept the seeds of trees and other 
plants earned down by water, and thus in time become covered with forest 
growth and merge into the forest tract as a. whole. 

The lowest portion of the Sundarbans lies to the west of the Pussur river 
in the northern part of the forests, where there arc many low-lying bhil areas. 
Some of the strips near the sea never become inundated, even at spring tides, 
and it is noteworthy that during spring tides deer and other animals congregate 
on the higher ground towards the sea-face in order to escape the floods. The 
lower portions of the Sundarbans are flooded at every high tide, fresh deposits 
being thus accumulated by slow degrees until the ground gets above the reach 
of ordinary tides and is. covered only by spring tides, which inundate the whole 
of the Sundarbans forest tract except the highest ground near the sea. The 
vegetation of the Sundarbans comprises numerous species of trees, of which 
the principal, besides sundri, are Excaacaria Agallocha, Souncralia apciala, 
S. acida, Cam-pa moluccensis. C. obovala. Amoora cmuUata, Aegir.eras magus. 
Cynometra ramiflora, Avicennia officinalis, and the mangroves Ccriops Candol- 
leana, C. JRoxlmrghiana, Kandelia BlteeMi, Bhtzophora mveronata, arrd Bruguieru 
gymnorhim. Pongamia glabra is found along sand-hills near- the sea. and 
mango, Diospyros Embryopteris, and a few other trees occur on former milage, 
sites. On newly formed islands, flooded by every hue, Sonnc.raha usually 
springs up first, followed by Avicennia and the palm Nrpa fridzeans. As the 
ground rises other trees make their appearance, the most prevalent, fhough 
one of the later species to appear, being Excaecana Agalloclta. As the level 
rises by accretion, and the land is only occasionally flooded by the tide, the 
sundri makes its appearance. It is not uncommon to tmd siiniii; springing 
up under large, dying Soimeratia trees, the suckers of which have become 
silted up. In the western or lower half of f.hc'Mindarhans there is little or no 
sundri. In the eastern half it is scarce near the sea-faee except in (lie most 
easterly portions, hut on proceeding inland it increases m quantify until pure 
or nearly pure sundri forests are met with. On the existence of two separate 
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he root-system of the sundri is decidedly 
ate very deep, but spread laterally not 
nerous blind suckers or pneumatophores 
inches to over a foot above the surface 
h are believed to be breathing organs, 
resemble inverted tent-pegs and cover the ground in the neighbourhood of 
the trees, making progression difficult (see Fig. 64). The coppicing power of 
the sundri varies considerably. So far as observations go, coppice reproduction 
is poor in places where the trees show the best development and most vigorous 
growth, as in tile freshwater type of forest, whereas on the saline soil of the 
salt-water type and on drier ground, where the growth and development of 
the trees is poor, coppice growth is remarkably vigorous ; possibly this may 
be due in part to the fact that on drier ground less energy is spent by the trees 
in producing suckers For successful coppice growth abundance of light is 
required. The sundri pollards well. Fire, frost, and grazing do not occur in 
the Simdaihans forests. Severe damage is done, periodically at fairly long 
intervals by cyclones, which uproot the trees, break the tops off, or tear off 
the branches. The last severe cyclone occurred in October J909 and caused 
immense damage: the direction in which the trees were thrown showed that 
at the height of the storm the wind blew from east to west. 

Natural reproduction. The seeds, as already noted, ripen and fall in 
the lainj season and aie transported m large quantities by water action. 
The forces operating on its dissemination are the strong floods of river water 
and local rain seawards, the spring tides which occur at. this season, and the 
monsoon winds blowing from the south-west. The last factor is evidently an 
impor ant one, since seedlings are often found in greatest quantity on the 
noit 1 and east banks of the larger rivers and water-channels where they have 
b™ T , , y the ™ Ves t0rmed by the monsoon winds. Where seed has 
thickets 18 "? C 6 seec ^ngs appear in enormous numbers, forming 
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out, and hence the thinnings should not be too drastic ; heavy cover, on the 
other hand, prevents the establishment of natural regeneration. Where 
clearings are made in the sundri tracts regeneration is a very uncertain matter, 
since unless the direction of the flood water is favourable the seed has no 
means of being conveyed to the cleared areas ; in any case it is by no means 
certain that seedlings will be able to establish themselves on open blanks. 

SmyictTLTTiEAi, treatment. The treatment at present applied to the 
sundri tracts of the Sundarbans under the working plan of 1911 is based on 
the beneficial effects of thinnings on the development of the crop and on natural 
reproduction, the other factors taken into consideration being the large areas 
to he dealt with, the difficulty of supervising felling, and the deterioration of 
the forests as a result of the earlier working in vogue some years previously. 
The treatment now in force is provisional, and consists of improvement fellings 
by area combined with thinnings under a felling cycle of forty years, the 
exploitable girth for sound sundri being fixed at 31 ft. In the salt-water type, 
where the growth is slow, one felling in forty years is considered sufficient, 
but in the freshwater type, where the growth is considerably faster, a thinning 
will precede the main felling at as long an interval as is practicable—sixteen 
years being fixed in the present working plan—while subsidiary thinnings will 
be executed as required in the more accessible areas. 

The value of judicious thinnings in increasing the rate of growth of the 
sundri has been fully demonstrated in the Sundarbans : if they are carried 
out too drastically, however, the trees tend to produce epicormic branches. 
In the cyclone of 1909 thinned areas m exposed situations on the hanks of 
watercourses suffered severely, whereas many heavily thinned areas sheltered 
by forest on the east escaped with little or no damage : the state of the 
ground, however, appeared to have more effect on the degree of damage than 
any other factor, the number of trees blown down being greater on the softer 
and wetter ground than on the.harder and drier ground. 

Rate or growth. , Measurements extending over sixteen years in four 
sample plots in the Sundarbans show a mean annual girth increment of 0-5 in. 
in the best plot, of the freshwater type, as against 0-21 in. in the worst plot, 
of the salt-water type. This indicates that the growth is decidedly slow, though 
measurements in adjacent thinned and unthinned sample plots prove that 
thinnings result in a considerable acceleration of girth increment. Statistics 
regarding the rate of growth of coppice-shoots are not available : Mi'. Trailord 
notes that coppice-shoots four years old in the Slanekhali block of the Sundar¬ 
bans had a maximum height of 8 ft. 

2. Heritiera littoralis, Dryand. Looking-glass tree. Verm PinU-kanazo. 
Burm. ; Mcnwtda. And. : Ohandniam , Kan. ; Svndrichnnd. Mar. : Chomnntiri. 
Tam. 

A moderate-sized gregarious evergreen tree with grey longitudinally 
furrowed bark, found in the littoral forests of Burma, the Andamans, the 
Indian Peninsula, and Ceylon. Although commonly found along the sea-coast 
it succeeds fairly well in Ceylon up to about 1,590 ft. elevation. In the 
Andamans it grows in the littoral zone down to the level of high tide, and in 
places where the mangrove forests are absent, and also to some extent on the 
flat muddy ground close to the mangrove swamps. Its chief companions are 
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3. PTEROSPERMUM, Schreber. 

Several trees of this genus are planted for ornament, and are interesting 
owing to the variety in the form of their leaves, their showy usually white 
flowers flve-valved woody capsules, and winged seeds ; the capsules some¬ 
times ripen pt the time the tree is in flower, taking a year to mature, and 
usually persist for some time after ripening. Some species (e. g. P. acerifolium. 
Wind., and P. semi.sagMatum, Ham.) are known to produce root-suckers 
freely ; this may possibly be a general characteristic of the genus. 

Ptcrospermum acerifolium, Willd. Vem. Muycng, .Jaunsar ; Hati-pailu, 
Nep. ; Kanak-champa, Beng. ; Taung petwim, Burin. 

4 large handsome evergreen tree with thin grey smooth bark and large 
round somewhat variable deeply cordate or peltate leaves, dark green above 
and white tomentose beneath. Wood moderately hard, reddish, of good 
quality, suitable for carpentry, and sometimes used for planking. 

Distribution and habitat. The sub-Himalayan tract and outer Hima¬ 
layan valleys and lulls up to 4,000 ft., Bengal, Chittagong, Khasi hills, Manipur, 
Burma. North Kanara. Often planted for ornament. The tree is found wild 
in a variety of situations. In the Dehra Dim valley it is common in swamp 
forests associated with Trewia. nudiflora, Diospyros Embryopteris , Eugenia. 
Jambolana, Culrda Toona-, Hcus glomerate. Pvlranpiva Roxburghii, Phoebe 
lanceolate, Modulus Gambia., and sometimes Bischoffia jamnica and Carallia 
Incite. In the outer Himalaya it is found along river-banks, but also ascends 
the lull-sides, where it is sometimes seen even in fairly dry situations, though 
in such places the subsoil is moist, overlying water-bearing rocks. In Burma 
it is common along streams m tropical and moist upper mixed forests. Talbot 
says it is found on the southern ghats of North Kanara in evergreen rain¬ 
forests, and that it» abundant, m the Devmione forests. In its natural habitat 
the absolute maximum shade temperature varies from 95° to 110° F., the. 
teo1n te miniMW " fr ° m 3 °° t0 ®°° F > and the normal rainfa11 from 55 10 

Flowering and bruiting. The large scented white flowers appear from 
1 are 1 to June, and the. capsules ripen a year later, opening about the time 
ie tree is in flow er. The capsules are 4-6 in. long, dark brown, tomentose, 
woody, five-valved. The seeds (Fig. 67, a) are brown, compressed, with large 
membranous terminal wings, the whole being 1 -3-2 in. long : they are thus 
adapted for distribution by wind. The fertility of the seed is usually good, 
an it retains its vitality well for one year : tests made with samples of seed 
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Dalbergia cultrata., Hmnalium tomerUosum, and various other trees. It occurs 
to some extent in indaing (dry dipterocarp) forest associated with Dipierocarpus 
tubercukitus, Penta-am snavis, and Shorea obtn-sa. It also extends into the lower 
mixed deciduous forests of the plains, associated with teak, Terminalia tonien- 
tosa, Lagerslroemia FIos-Reginae , Adina cordifolia , Siephegyne divarsifolia, 
Adina sessilifolia, Terminalia belerim, Odina Wodier, and other species. The 
tree is not gregarious, but occurs scattered in greater or less abundance. 
Enumerations in 1903-4 in the plains forests of the Tharrawaddy district, 
Burma, showed the average number of trees 3 ft. in girth and over per 100 
j acres to be 69 in the Satpok reserve, 4 in the Sitkwin reserve, and 57 in the 
Thindawyo reserve ; the total area enumerated was 20 square miles. These 
forests are on flat land, the soil being a rich alluvial loam with occasional 
pans of clay, where the tree-growth is poorer than elsewhere. 

In its natural habitat in Burma the absolute maximum shade temperature 
varies from 100° to 110° E., the absolute minimum from 40° to 60° F., and 
the normal rainfall from 35 to 120 in. or more. • 

Leaf-shedding, flowering, and fruiting. The tree is leafless for 
j a time m the hot season. The panicles of white flowers appear in the cold 

It season and the capsules ripen in the hot season. The seeds are ovoid or 

| sub-angular, 0-2-0-25 in. long, light brown, with a hard testa and a thin 
I albumen. 

| Germination. Epigeous. The testa splits, and the radicle emerges and 

|, descends. The hvpocotyl elongates, raising the cotyledons above ground: 

M the testa and albumen are usually carried up over the cotyledons, falling with 

} their expansion. 

The seedling. 
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3. GREWIA, Lira 


This genus is a large one, containing over thirty species, chiefly shrubs and 
climbers", with''some small to moderate-sized trees. Some species are charac¬ 
teristic of dry or arid regions, for example 0. populifolia, Vabl, a shrub; 
G. salvijolia, Heyne, a shrub or small tree; and G. flavescens, Juss. ; a large 
straggling shrub. G. sapida, Roxb., is a curious undershrub common on the 
grassy plains of the sub-TIimalayan tract, ascending to 3,000 ft. ; also found 
in Chota Nagpur and in Upper Burma. It has a woody root-stock from which 
new shoots are sent up each year after the old stems have been burnt hack 
by the annual fires : the yellow flowers appear on the new shoots in the hot 
season, and the fruits ripen at the beginning of the following cold season. 
Some species of Grewia have strong elastic wood, used for shafts, shoulder- 
poles, bows, and other purposes for which elasticity is required. They coppice 
well, some species producing shoots of great vigour : many, possibly all, 
produce root-suckers. The fruits of several species are edible. 

For a botanical examination of the Indian species of Grewia of forest 
importance see Hole in Indian Forester, xliii, 312. 

Species 1. G. opposilifolia, Roxb.; 2. G. laevigata, Vahl.; 3. G. Hainesiana, 
Hole; 4. G. elastica, Royle ; 5. G. tiliaefolia, Vahl; 6. G. Microcos, Linn. 

1. Grenia oppositifoha, Roxb. Vein. Dhaman , bind, bhimal, north-west 


A moderate-sized deciduous tree with a short straight, trunk and smooth 
grey bark, common on the outer hills of the western Himalaya and much 
planted near villages, where it is heavily lopped for cattle fodder : the bark 
is much used for making ropes. The tree is easily propagated from cuttings 
or from seed, and is hardy, growing on almost any situation in the outer 
hills. It is leafless for a short time in Mareh-April. It flowers from March to 
June, sometimes at other seasons, and the fruits ripen from October to 
December. The edible drupe is one- to four-lobed, black when ripe. The 
glowth, according to Gamble, is 7 rings per inch of radius, representing a 
mean annual girth increment of 0 9 in. 

2. Grewia laevigata, Vahl. 

A small tree with dark grey bark and long pointed glabrescent three- 
nerved leaves, found usually in shady places and ravines in the outer Himalaya, 
in Assam, Burma, and parts of the Indian Peninsula. It flowers from June 
to October and fruits in the cold and hot seasons. 

3. Grewia Hainesiana, Hole. Vern. Phdlsa, dhaman , Hind. 

small tiee, wild m the sub-IIimalayan tract, Siwalik hills, Satpuras, 
by layeriii 1616 Cllltiva,t,ed for ec ^ e fruit, propagation being best done 
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4. Grewia elastica, Royle. Syn. G. vestita , Wall. (G. vcslita may be con¬ 
sidered to be a variety of G. elastica.) Vern. Dhaman, phalwa, Hind. 

A moderate-sized tree with grey bark, that of branches and young plants 
with large white blotches ; leaves obliquely ovate acuminate, usually much 
longer than broad. This tree is found chiefly m the sub-Himalayan tract, 
where it is very common in sal forests, also. in Bengal and central India. The 
wood is tough and elastic, and is used for shoulder-poles, bows, and similar 
purposes. It is fairly frost-hardy, and in the abnormal drought of 1907-8 in 
Oudh it was found to be a decidedly drought-hardy species. It coppices 
freely, and the coppice-shoots are of rapid growth. Measurements recorded 
by Mr. A. E. Broun in the Dehra Bun forests in 1886 show the following 
measurements of coppice-shoots of dhaman as compared with sal in the same 
coupes : 

Grewia- elastica : rate of growth of coppice, Behra Bun. 


Age. Grewia. 


Measurements made in 1910 By Mi-. C. M. McCrie in coppice coupes at 
Ramgarh, Gorakhpur, United Provinces, gave the following results in the case 
of dhaman as compared with sal: 


Grewia elastica : rate of growth of coppice, Gorakhpur. 


Measurements taken for twelve years in the Malowala hi 
plot on the south of the Siwaliks showed the following mi 
increments : 


sample 
1 girth 


Gamble’s specimens showed 5 to 7 rings per inch of radius, corresponding 
to a mean annual girth increment of 0-9 to 1-26 in. 

5. Grewia tiliaefolia, Vahl. Vern. Dhaman, phahir, Ilind. 

A moderate-sized tree with large oblique leaves, common in Chota Xagpur, 





I nnf , southern India. The wood is tough and elastic and is used for 
, siioulder-imlcs and similar purposes. According to Gamble, the growth 
k about fi rin ir s per inch of radius, corresponding to a mean annual girth 
increment of about 1 in. The growth oi young coppice-shoots is very rapid. 
Ml- Gass records measurements in coppice two years old in Madras, in which 
(Ik height wired from S to 15 ft. and the girth from 2 to 7 in., the number 
of shoot’s per stool varying from 2 to 12. One-year-old coppice-shoots measured 
in the Bhandara division. Central Provinces, in 1912-13 had an average height 


G Grnviu Mierocos. Linn. Vcm. iUi/ofyo, Biuro. 

A moderate-sized tree, sometimes only a shrub, common in Burma often 
as an undergrowth species, and also found in the Western Ghats, Assam, and 
Chittagong- It coppices vigorously, an average oi 9 shoots per stool being 
counted in coppice coupes in the Rangoon plains forest*. The leaves are much 
used ior cheroot-wrappers m jjurina. 


" 4. EC111 NOCARPUS, Blume. 

ISehinocarpns dasycarpns. Benth. Yeru. Gobna. goitre , Nep. 

A large handsome evergreen tree of the eastern Himalaya at 5,000-7,000 ft. 
Barit greyish brown, rough : wood soft, used tor tea-boxes and planking in- 
the Darjeeling neighbourhood. The tree, which is much buttressed, occurs 
m the middle lull forests of Darjeeling associated with a large number of 
species, of which the more important are Qnercus lamdlosa, Q. lineata, Q. 
pachyphyllo. Caslanopsts Hystnx, Mieheha exedsa. BnMantha populnea , with 
laurels, maples, &o. -Mr. JVlanson (Darjeeling working plan, 1893) says it is 
most common on southern and western aspects, hut is also found thriving on 
slopes facing north-west; it seeds freely, hut the seedlings, which have large 
leafy cotyledons, are rather delicate when very young and require shelter, 
lie adds that the tree conies up well in a sparse growth of weeds on new 
clearings. Mr. J. W. A. Grieve (Darjeeling working plan, 1912) notes that 
reproduction is very poor. The rate of growth is given in the working plan 
at b-10 lings jier inch ol radius, corresponding to a mean annual girth incre¬ 
ment of 0-63 to 0-78 in. 


ORDER XIII. RUTACEAE 

»«es not contain any trees of very great importance from 
a forest point of view, though it, includes certain widely cultivated fruit trees, 
particularly of the genus dints. As pointed out by Gamble, several species 
have hard even-grained compact woods well worth trial as substitutes for 
boxwood. The order contains various shrubs or small trees, often highly 
aioma ic, winch are of some importance as species of the undergrowth ; of 
1CSC may he mentioned TodddKa acvlmta, Pers., a large scandent prickly 
Shrub of the outer Himalaya, Assam, Western Ghats, and Burma; SkimmL 
SZZV? 13 ’ a - ld ZUC °'’ a Very iiromatic undershrub sometimes forming 
Correa 5 x°c °°' ^ * U ^ ores ts of the Himalaya ; Glycospiispentaphylla, 

i a ‘ :0,nillon Undergrowth species, often forming a soil-covering in mango 
topes on the plants of India; Murraya exotica, Linn., a handsome shade-bearing 
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evergreen shrub or small tree with red berries, found in many parts of India, 
and Burma in shady ravines, and often cultivated for ornament; M. Koenigii, 
Spr., an aromatic shrub or small tree fairly widely distributed in India and 
extending into Burma, sometimes forming a dense undergrowth in sal or 
miscellaneous forest; and Micromelium pubescent, Bl., a small evergreen tree 
sometimes, as in the Duars, forming a characteristic under-story in sal forest 
of a moist type, producing masses of strongly-smelling white flowers towards the 
end of the cold season. A widely distributed small thorny tree, characteristic 
of dry open forests, and very common in the dry zone of Upper Burma, is 
Limonia acidissima, Linn., while JPeronia Elephantum, Correa, is a thorny tree 
also found in dry open forests and cultivated in many parts of India for the 
sake of its fruit. By far the most important fruit trees belong to the genus 
Citrus: the cultivated species and varieties include (1) C. medico, Linn., 
(a) Var. medim proper, the citron, (b) Va,r. Limomim. the lemon, (c) "Var. 
acida, the sour lime, and (d) Var. Limetta , the sweet lime ; (2) C. Aurantimn, 
Linn., the orange ; (3) G. decmnana, Linn., the pumelo or shadd.ock. C. Hys- 
trix, DC., vern. shanknu, Biu-m., is a wild species found in Burma and some¬ 
times cultivated in that province. Wild specimens of C. medial, and less 
commonly of. C. Aurantimn, are occasionally met within the forest, usually 
in moist shady places, but the position of these trees, along paths and near 
villages or camping grounds, on old village sites, &c., leads to the conclusion 
that, in most if not. all cases they are either escapes from cultivation or have 
sprung from seed brought by human agency. The species of Citrus are culti¬ 
vated in India in a variety of climates, and do not appear to be exacting in 
this respect. For a full account of this genus the reader is referred to Brandis’s 
Forest Flora of North-west and Central India, 1871, p. 50, while a useful account 
of the propagation of the cultivated varieties in India, which is carried out 
by budding, will be found in a paper by W. Burns and H. P. Paranjpye in 
the Poona Agricultural College . Magazine, 1913, reproduced in the Tropical 
Agriculturist, vol. xlii, Eeb. 1914, p. 117. 


AEGLE, Correa.. 

Aegle Marmelos, Correa. Bael tree. Vern. Bc'l. Hind. : Bela, Beng.; 
Fifcw, Tam.; Maredu, Tel.; Bila pat-ri, Kan. ; 6kshit, Bunn. (Fig. CS.) 

A small or moderate-sized deciduous tree, reaching a height of 40 ft., tile 
branches armed with straight spines. Trunk often somewhat fluted ; bark 
grey, somewhat corky on the outside. Leaves trifoliate, aromatic. It is one 
of the sacred trees of India. The wood, which is hard, is used for agricultural 
and other implements ; the chief value of the tree lies in its fruits, which are 
used medicinally for dysentery and diarrhoea and for making sherbet. The 
pulp is used to strengthen mortar. 

Distribution and habitat. Wild in the sub-Himalayan tract, central 
and southern India, and Burma. Frequently planted all over India mid 
Burma. In its wild state the tree is found as a rule in dry deciduous forests, 
associated in the sub-Himalayan tract with Bchltichcru trijugu, IJohrihena 
antidysenlerica, Wrightia tomtniom, Cassia Fistula, Phyliantlcus Emblica, Ban- 
hinia racemom, Briddia retusa, Odina If 'oilier, Laijcrstroemia. pan'ijlom, Zky- 
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ORDER XIV. SIMARUBACEAE 

This is a small and comparatively unimportant order so far as Indian 
forestry is concerned. 

AILANTHUS, Desf, 

Species 1. A. excelsa, Roxb.; 2. A. malabarica, DC.; 3 .A. glandulosa, 
Desf. 

1. Ailanthus cxeclsa, Roxb. Vem. Maharukh, Hind. ; Arua, Rajputana ; 
Malta nim, Uriya ; Pedda manu, Tel. 

A large deciduous tree. Bark light grey and smooth in young trees, 
with large conspicuous leaf-scars, rough, granular, and greyish brown in older 
ones. Leaves pinnately compound, up to 3 ft. long with 8-14 pairs of leaflets. 
In seedlings and saplings imparipinnate leaves are the rule for the first three 
or four years, after which the terminal leaflet becomes reduced in size, or is 
represented by a mere prolongation of the racliis, and finally the typical 
abruptly paripinnate leaves are formed about the fourth or fifth season. The 
wood, which is soft and white, is used for packing-cases, and is reported to 
make good match splints. 

Distribution an r> habitat. Indigenous in the Indian Peninsula, and 
often planted in different parts of India. It is found in mixed deciduous 
forest and, in the Central Provinces, also in sal forest: it is common round 

Leaf-shedding, flowering, and fruiting. The panicles of small 
yellowish flowers appear in February-Mareh, and the fruits ripen in May-June. 
The fruit (Fig. 72, a) is a red one-seeded samara, 2-3 in. long by 0-5-0-6 in. 
wide, prominently veined, acute at both ends and twisted at the base : about 
260 to 300 weigh 1 oz. The fruit being winged is adapted for dissemination 
by wind. A considerable proportion of the seed loses its vitality if kept for 
one year. 

Germination (Fig. 72, b-e). Epigeous. The radicle and plumule emerge 
from the cell and break through the winged covering, the cotyledons being 
carried up and the testa usually left inside the fruit. The hypocotylarelies 
somewhat at first, soon straightening : there is a decided kink at its base 
owing to the effort of the seedling to escape from the cell in which the seed is 
enclosed. 

The seedling (Fig. 72). 

Boots : primary root, moderately long, terete, tapering : lateral roots 
moderate in number and length, fibrous. Bypocotyl distinct from the root, 
with a well-marked bend at the junction, 1-1-5 in. long, terete, tapering 
upwards, -white turning green, minutely tomentose. Cotyledons : petiole ()■ 1 in. 
long or less, flattened- above, tomentose : lamina 0-6-0-7 in. by 0-4-0-5 in., 
foliaceous, somewhat fleshy, elliptical ovate, apex rounded, base rounded or 
sub-truncate, entire, green, glabrous, venation pinnate reticulate. Stem erect, 
terete, green, minutely tomentose. Leaves, first- few sub-opposite, subsequent, 
leaves alternate, earlier leaves trifoliate, subsequent, leaves imparipinnate with 
number of leaflets gradually increasing, paripinnate leaves forming about the 
fourth dr fifth season, .Stipules absent,. Common petiole of trifoliate leaves 
0-3-0-5 in. long, tomentose. Leaflets opposite or sub-opposite, shor tly petiolate 
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astern slopes of the Pegu Yoma in Burma ; it is often 
southern India. It flowers in February-March, and 
samara. 2-5-3 in. long, ripens in April-May. The 
white, is not used ; but the tree yields a fragrant 




3. AilantUus glandulosa, Dost. , 

\ lsi-ec tree indigenous in China and sometimes planted m India. It 
Ins been "tried in the North-West Frontier Province with some success ; 
experience there lias shown that it can be transplanted easily and requires 
little water, while it grows fast, produces fertile seed in -abundance at an early 
age, and spreads rapidly by root-suckers. 


ORDER XV. BURSERACEAE 

An order containing a few trees with useful timber and others important 
in Indian forestry owing to their abundance or wide distribution. Most of 0 the 
trees are resinous. Among trees of moist regions may be mentioned the various 
species of Canarium, all large resinous trees. Bursera ,serrate, Colebr. (vem. 
Najor, Ass. ; Ka-ndior, Kol; Armu, Santal; Thadi, Burm.) is a moderate- 
sized to largo tree, evergreen or nearly so, found commonly along streams, in 
ravines, or on rocky ground in cool situations, in Assam, Chittagong, Chota 
Nagpur, Orissa, northern Circars, and Burma ; rare in the Central Provinces. 
It stands moderate shade in youth. 

Genera 1. Boswelma, Roxb.; 2. Garuga, Roxb. 


1. BOSWELL1A, Roxb. 

Boswellia serrata, Pvoxb. Syn. B. thurifera, Colebr. ; B. glabra, Roxb. 
Vem. Salai, saler , Hind. ; Anduga, Tel. (Fig. 70.) 

A moderate-sized to large deciduous, usually grejgjious, tree with light 
spreading crown, somewhat drooping branches and compound imparipinnate 
leaves 12-18 in. long ; bark greenish grey to yellow or reddish, fairly thick, 
smooth, exfoliating iu thin papery flakes, resinous inside. The tree ordinarily 
reaches a height of 30-50 ft., and a girth of 4-0 ft. Wood moderately hard, 
whitish, resinous, with a small brown hcartwood, used for rough planking, 
boxes, well-construction, &c., and for match manufacture. A fragrant gum- 
resin exudes from wounds in the bark, and is used as incense and in medicine : 
it shows promise of furnishing, on distillation, rosin and turpentine of some 
economic value. The branches are lopped for buffalo fodder in Ajmer. The 
tree is a most useful oiie for clothing dry, hot, barren hills. 

Distribution and habitat. The tree is common and usually gregarious 
on di-y hills throughout the greater part of India ; it does not occur in Assam 
° r B fl'T■ In norfchem India is on the southern slopes of the Siwalik 
1 s anking the Himalaya, on dry sandstone ridges associated with Zizyphus 
Aylopyrus, Odina Wudier, Anogeissus latifolia, Acacia Catechu, Buchanania 
lahjoha, Nyctanihes Arbor-tristis, and other species. It is common on the 
dry hills of Chota Nagpur. In Rajputana it occupies the drier ridges of hills 
on metaraorphic rocks, chiefly gneiss and schists, either pure or mixed with 
Via Wodier, Sterculia urens, and a few other species. In the drier parts of 
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i of tlii- \ >ri il : on in coppicing power lias not yet been ascertained. 
St !' ' ""u r that it nny lie due to geological formation : thus in 

,S n ’^/Vlnmi-in where llie tree coppices well, the rock is mainly gneiss, 

1 Zi\ omi-l/ite while on roost of the trap areas it coppices poorly. , 
\irrnu. Km-RODUOTiox Natural reproduction is usually good, even on 
wok-4 ground- some- of this is due to root-suckers, but the tree also 

idnces well from seed. 

Artificial mspbowctiost. The salai reproduces well from large cuttings ; 
, should be planted in the rainy season when the soil is damp. Attempts 
ise it artificially in Bej-ar by line sowings with the aid of field crops resulted 
ilure, owing to’the fact that the seedlings were practically all rooted up by 
As’regards the capacity of the tree for growing from cuttings, Mr. C. M. 
rie informed me of a case which occurred in the Saugor district, Central 
inces, in a year of severe drought, when many kinds of trees were dying 
rant of moisture : some posts of mlai were stuck in a row in the ground 
1-m a barrier to prevent the passage of cattle, and in spite of the intense 
glit many of the, posts sprouted and developed flourishing shoots. 

Rate of growth. Statistics of the rate of growth of trees are not avail- 
Wliere coppice-shoots are produced they grow rapidly. In Bhandara, 
fcs reached a height of 6 ft. 11 in. in one year, and 20 ft. in three years, 
imar, measurements of one-year-old coppice-shoots on very poor shallow- 
soil in seven different plots showed a maximum and minimum height of 

2 ill. and 2 ft. respectively, and an average height varying from 4 ft. to 


Garuga piimata, Roxb. Vem. Kharpat, kaikar. Hi nd. ; Kudak, Mar. ; 
Garuga, gargu, Tel. ; Ghinyok, Bum. (Fig. 73.) 

A large deciduous tree with compound imparipiimate leaves, which are 
often covered with red galls. Bark thick, soft, greyish brown, exfoliating in 














growth of grass and weeds, but if suppressed by shade they show poor develop¬ 
ment. They are frost-tender, hut have great power of recovery- Growth 
ceases about October and new growth starts in March-April. The leaves of 
seedlings fall from December to March. 

SrLviCL’LTirKAL characters. Garuga pinnala is a strong light-demander, 
becoming readily suppressed under shade. It is frost-tender both in the 
seedling stage and later, but lias good power of recovery ; it suffered severely 
in the abnormal frost of 1905 in northern India. It is also sensitive to drought, 
and was badly affected in the severe drought of 1S99 and 1900 in the Indian 
Peninsula. It is one of the most fire-resisting species in the localities where it 
grows, its thick moist bark and recuperative power standing it in good stead. 
It coppices well and produces root-suckers. 

Natural reproduction. The seeds are to some extent distributed by- 
birds, which eat the acid flesh of the fruits and scatter the stones to a distance 
from the tree. Many fruits, however, fall to the ground round the trees. 
They quickly turn black, emitting a strong odour resembling freshly cut, teak- 
wood and blackening the ground around them. The fleshy portion of the fruit 
decays or shrivels up and is washed away by min or eaten by while ants, 
leaving the stones exposed. When the fruits fall the rainy season is at its 
height, and under natural conditions the seed does not ordinarily- germinate 
that year. The stones lie on the ground, many becoming half buried with the 
action of the rain, and thus they remain through the succeeding cold and hot 
seasons. At the commencement of the next rainy season germination com¬ 
mences, and seedlings may often he found in abundance in the neighbourhood 
of seed-bearers ; they are easily recognized from the peculiar deeply cleft 
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heart-wood is red, hard, and durable, and is used for house-building, furniture, 
and many other purposes : the bark, gum, leaves, and flowers are all used 
in medicine, while the seeds yield an oil used in medicine and for burning. 

Distribution and habitat. The natural habitat of the tree in India is 
somewhat difficult to determine. It is common in the open scrub forests of 
the dry zone of Burma, and is found apparently wild on the Siwalik hills ; 
Gamble says that if wild anywhere in India it is probably so in tie forests of 
the Carnatic and parts of the Deccan. In tiie Saharan pur Siwaliks I have 
found it in some quantity on the inner ridges in places where it is difficult to 
believe it could have spread from cultivated trees. It is cultivated all over 
India and Burma, more especially in the drier parts of the country, and has 
evidently become mid in many localities as an escape from cultivation. It 
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I a height of 4-S in bv flic end of the year. Experiments 

| )lm s | )0 wti ihaf development is much retarded 

r^Uih ™' 1 "*">>"• «"»«y s,mi " latBf ‘ thc gw*** and 

■ . ( / lh( , sfM'dling. In these experiments if was found that if weeded 

and moderately irritated, seedlings readied a height of. 2 to 4J ft. by the end 
of the second season anti a height of 5 to 7 H. Ijv the end of thc third season : 
if weeded and not, irrigated they readied a height of 1 ft. 8 in. to 3 ft. 3 in. by 
thc end of the second season. Whore weeding was not carried out the seedlings 
showed very floor development, and were eventually killed by suppression 
and frost In northern India the growth ot ( lie seedlings ceases about October- 
November and the new shoots appear about March. The seedlings are very 
frost-tender,and when killed down to ground-level have little powerof recovery: 
they are intolerant of an excess of moisture in file soil, the taproot tending 

SiLyrouLTURAi. characters. The neeui is a light-demander, but has 
great capacity for pushing its way through thorny scrub in youth ; in this 
re“pcd it resembles Bombas malabu-ncum . It is very frost-tender, especially 
in the seedling and sapling stages. Its capacity tor thriving on poor dry 
ground and its intolerance ot an excess ot moisture m the soil have already 
been alluded to. it coppices well and produces voot-suekers, especially in dry 
localities. It is not readily browsed bv cattle and goats ; it is, however, 
recognized as fodder suitable for camels. In sonic localities porcupines damage 
and sometimes girdle and kill thc trees In- gnawing off the bark round the 

Natural reproduction. lender natural conditions the seed ordinarily 
reaches the ground m the rainy season, and germination takes place in one to 
two weeks. Although the tree is believed not to be indigenous in India except 
to a very limited extent it. often reproduces naturally with tolerable freedom : 
in this it is aided by its capacity for establishing itself under the protection 
of thorny bushes and its hardiness on dry poor soil, provided it is not subjected 

ArtiI'ioial reproduction. Although the neem can be easily raised in 
the mu„ciy and tiansplanted, tor forest purposes direct sowings have proved 
moie successful than transplanting. Care is necessary in the collection of the 
seed, it should be collected off thc trees about duly when thoroughly ripe, 
and should be sown as soon after collection as possible. It is advantageous to 
covei the seed lightly with earth, since seed germinating on the surface of the 
gionnd is liable to have the radicle eaten off by insects. 

For laising transplants the seed sown in the nursery should be lightly 
coveted with earth and sparingly watered, the soil being kept, loose to prevent 
cakl “f ? he f cdlm « s wl » be ht to transplant during the first rains, when they 
arc 3 to * m. high, the taproot then being about 6 in. long : if larger seedlings 
eml’-T tl tlUiy may b<! kept another y° ar hl lhe nursery and transplanted 
h'v ' ,n , 10 T” ’ °* thc second Season, the plants being protected in winter 
s ictns in rosty localities. Transplanting may be carried out successfully 
r 11,6 SteM a, ’ d r0 ° ts : this been adopted with 

success in the afforestation of Talankheri hill, Nagjfcr. 

ie neem has been employed, for afforestation purposes in dry situations 
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tnl rowings the cos! of formation up to that time, 
l ploughing- sowing, and weeding, but not including 
R* 28-11-0 per acre, against which receipts from 
; amounted to Its. 32, leaving a profit of Ks. 3-5-0 
Ig of plantations with held crops by the agency of 
it comparatively small cost, after allowing a reason- 


t success has been attained by 
sowirtc nccm seeds on mounds m black cotton soil. This soil is troublesome 
owingto its tendency to develop cracks m dry weather, and special measures 
. are necessary to counteract this- In the lurhan. Forester, vol. xxxvii, p. 659, 
Forest Ranger ft Thumboo Naidu describes two methods of carrying out 
neem sowings on this soil in Bcllarv. Under one method seed was sown on 
mounds of dimensions 12 it. bv 4 ft. by ] i ft., prepared in rows 9 ft. apart : 
the cracks which developed subsequently were filled in with earth. A year after 
sowing the plants had reached a maximum height of 4| ft. The total cost of 
formation, including the preparation of the mounds, sowing seed, and filling 
cracks, was Rs. 7-2-0 per acre. Figures given in the circle reports indicate 
that these mound sowings can be carried out at a cost of little more than 
Rs. 4 per acre. A second method tried was to sow in furrows 6 ft. apart in 
land previously ploughed with iron ploughs and levelled. The sides of the 
furrows ivere subsequently kept loosened to prevent cracks, and existing 
cracks were filled in with loose earth ; this method succeeded only partially, 
but in successful places the plants numbered as lunch as 1,500 per acre, and 
had a height of 2 to 5 ft. after one year. The total cost of formation in this 
case amounted to Rs. 13 per acre. Broadcast sowings on land ploughed with 
iron ploughs gave very poor results. 

0. In Ajmer success has been attained by dibbling neem seed under 
Euphorbia bushes. 

7. In Berar the neem is grown along with the babul (Acacia arabica) in 
line sowings with the aid of field crops ; in this case the neem is regarded 
more as a secondary speeies, as pure babul has been found to be much subject 
to insect attacks. After various trials the following system has been finally 
adopted: The year s coupe is sold by public auction to a lessee who is required 
to clear-fell the area, grub out the stumps and plough the land, after which 
he is permitted to cultivate the area with any field crops he pleases for two 
years. In the third year, at the commencement of the monsoon, a mixture of 
7o per cent, of babul seed and 25 per cent, of neem seed is sown in lines 12 ft. 
apart, the lessee sowing lines of cotton in between. The babul and neem 
plants are thereafter kept regularly weeded and thinned, blanks being filled 
, ■ 6 y ? ai ’ f ° Uo ' vi “8 ^e sowing. Cultivation of cotton between the lines 
is long as is practicable, and cattle, excluding buffaloes, goats, 
„ t0 gnae at the rate of one head per acre when the 

crops are olt the ground, this being found beneficial in keeping down grass. 

cenis oi expenmento at Debra Dun has demonstrated the necessity 
-Ill seedlings free from grass and weeds ; these not only retard 
ause many casualties, but also intensify damage by frost, 
o have results almost, if not 


and sheep, are admitted tc 
crops are off f 

development and cl...,,, 

Thorough weeding without watering wl» fou 
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quite, equal to those attained by the more expensive process of irrigation with 
weeding : the loosening of the soil to prevent caking and promote soil-aeration 
was also.found to be most beneficial. In either case direct sowing was found 
to give better results than transplanting nursery-raised plants. 

Rate of growth. It is sometimes held that the annual rings of neem 
are not visible or cannot be relied on. Mr. A. W. Lushington, writing-in the 
Indian Forester, vol. xxiii, p. 123, states that he examined the rings on some 
trees felled in a plantation fourteen years old, and found fourteen clearly 
marked annual rings, with other spurious rings which did not go round but 
merged into the annual rings ; they seldom went more than a quarter of the 
way round. In counting rings on neem stumps, care is necessary to avoid 
these spurious rings. As mentioned above, the rate of development of young 
plants after the first season is fairly rapid. As a rule trees put on a mean 
annual girth increment of 0-9 to 1-2 in., though more rapid growth is attained 
under favourable conditions. Mr. F. Gleadow 1 records a tree sixteen years 
old with a girth of 4 ft. 4 m. in the Changa Manga irrigated plantation, Punjab. 

Admail plantation at Motipurin the Bahraich district. United Provinces, 
formed in 1872 by sowings with field crops, was measured by Mr. M. W. Clifford 
early in 1916, when forty-four years of age : as a result of measurements of 
32 trees the average girth and height were found to be 2 ft. 8 m. and 35 ft. 
respectively. 3 he plantation had not been regularly tended, and all the trees 
were more or less damaged by man and cattle and were rather badly grown, 
otherwise the growth would doubtless have been faster. 

2. MELIA, Linn. 

Species 1. M. Aztdarach , Linn.; 2. M. cowposita, Willd. 

1. Melia Azedarach, Linn. Persian lilac, bead tree. Vcrn. Bakain, drek , 
Hind. ; Yerri vepa, Tel. ; Vcmbu, Tam. ; Pejri, Mar. 

A moderate-sized deciduous tree with a short bole and a spreading crown, 
bipinnate or tripinnate leaves, and a dark grey bark with shallow longitudinal 
furrows. The tree sometimes readies fairly large dimensions : Mr. A. E. Wild 
records one 8 ft. 8 in. in girth at Sataura in Hazara. The wood is used for 
furniture, agricultural implements, cigar-boxes, &c\ ; the fruit-stones arc 
commonly used as beads. 

Distribution and habitat. Doubtfully indigenous except possibly in 
Baluchistan and Kashmir. Commonly cultivated for the sake of its handsome 
flowers and as a roadside tree in various parts of India and Burma, glowing 
in the Himalaya up to 0.000 ft. and even higher. Jn the Changa Manga 
plantation near Lahore it is perhaps the commonest species after sissoo and 
mulberry. 

Leaf-shedding. FLOWERING. AND fruiting. The tree is usually leallcss 
from about December to March or April. The handsome panicles of lilac 
flowers appear from March to -May. The fruits ri]>en in t he cold season, but 
remain on the tree in yellow dusters during the flowering .season, and some 
may be still on the trees'in July. The fruit (Fig- 70, u) is a drupe Uo-00 in. 
long, nearly globose, yellow when ripe, smooth at first, afterwards wrinkled, 

1 lint. Korent«;i- xxv (1899), i». 245 
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the growth of the seedlings ceases in November-December, and new growth 
starts about February-March. The leaves turn yellow and fall about Deeember- 
January and the new leaves appear in March. 

SILVICITI.TIIRAL characters. The tree is a light-demander. l't is more 
frost-hardy than the neem, though the seedlings suffer to some extent both 
from frost and from drought. Young plants are subject to browsing by deer. 
The tree coppices well and throws up root-suckers, especially where the roots 
are exposed or injured. The roots are chiefly superficial, and the tree is liable 
to be blown down in consequence ; it is also very brittle, and branches are 
often snapped off, or the main stem is broken in two, by wind. Trees so 
broken down or cut high produce large numbers of shoots from dormant buds 
on the stem. Burrs are often produced on the stem, especially near tile base. 
The tree is short-lived. 

Natural REi’P.ODUGTiOjT. In the Change. Manga plantation the tree 
regenerates freely from seed. 

Artificial reproduction. Artificial propagation may be carried out 
by direct sowings or by transplanting seedlings from the nursery: the tree 
can also be grown from cuttings or from transplanted root-suckers. Experi¬ 
ments at Delna Dim have shown that direct sowing is more successful than 
transplanting, which appears to cheek the growth to some extent. The fruits 
may be most conveniently collected in January-February wheir the trees are 
leafless. Eor raising plants in the nursery the fruits should be sown about 
2-3 in. apart in drills from February to April or May and lightly covered with 
earth : the beds should be regularly watered and weeded, and the seedlings 
ordinarily commence to appear above ground about three weeks after sowing. 
Transplanting may be done in the first rains, when the seedlings arc a few 
inches high, or towards the end of the cold weather, before new' growth starts ; 
in either case it is advisable to transplant with earth round the roots. Trans¬ 
planting may also be done during the second rains, when t-lie seedlings are 
often as much as 5 or 6 ft. high or more. In this case the stem should be out 
off at about 4 in. from ground-level and the long taproot pruned down to 
about 9 in. in length : the plants stand this treatment well, and quickly start 
shooting up again. In frosty localities, at all events, this method is preferable 
to transplanting in the first season, since the plants can be protected m the 
nursery dining the first winter. If kept until the second year m the seed-beds 
the seedlings will require thinning out in order to produce vigorous plants. 

If direct sowings are carried out rapid development can lie stimulated 
by thorough and regular weeding. Irrigation also promotes vigorous growth, 
having a more marked effect, on this species than on (lie neem : jrngaled and 
weeded line sowings, or, failing irrigation, weeded lino sowings with or without 
the aid of field crops, or mound sowings, give most promise of success. 

Plantations of this species require thinning from an early stage, as the 
saplings tend to become weakly if pressed for room. 

Rate or growth. The rate of growth (hiring 1 lie sapling stage, as already 
noted, is very rapid : this rapid growth is kept up tor several rears, during 
which a mean annual girth increment of J-5 to 2 in. is not uncommon, hut 
growth slows down before large dimensions are attained, and trees of large 
girth are often hollow. The concentric rings, which are annual, are distinct. 
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soft tissue, corresponding to the hypoeotyl, first protrudes from the side of 
the seed, and from it. issue the shoot and the roots, the latter in a. cluster. 

The seedling (Fig. 77). 

Roota : A number of somewhat thick roots, with numerous fibrous lateral 
roots, clustered round base of stem. Hypoeotyl a thick mass from which issue 
/he roots and stem. Cotyledons conferrummate in a pinkish fleshy rounded 
or angular mass conforming to the shape of the seed and remaining within its 
thick fibrous testa ; petioles 0-2 in. long, broad and flattened. Stem erect, 
moderately thick, terete or slightly compressed, green or reddish, glabrous, in 
its earlier stages resembling a leafless asparagus shoot. Leaves alternate, 
simple, exstipulate. Petiole 1-6-3 in. long. Lamina 2-5-3-0 in. by 0-6-1 in., 
oblong lanceolate, acute or acuminate, entire, coriaceous, glabrous. Earlier 
leaves abortive, scale-like, caducous. 

The early development of the seedling is very rapid. Within a month of 
germination the stem may reach a height of 16 in. or more, and in two months 
it may be well over 2 ft. in height. The first normal leaves are produced at, 
the top of a considerable length of bare stem, on which the leaves are repre- 
\i sented by caducous scales ; the young shoot during the first two or three weeks 

{ thus resembles the leafless shoot of an asparagus. This early stem development 
I - is an adaptation for bringing the foliage leaves as rapidly as possible out of 
| the reach of floods, the thick starchy cotyledons meanwhile supplying the 
p plant with food. Similar early development- occurs in Heritiera Fomes, and 
{ a further study of the various species of the littoral forests may possibly 
'{ reveal other instances of the same kind. 

|j Silvicultural characters. The silvicultural characters of the tree 

have not yet been studied in detail. Like several other littoral species it 
produces pneumatophores. 

- Rate of growth. Gamble’s spetimens showed an average of 6-6 rings 

per inch of radius, representing a mean annual girth increment of 0-96 in., 
which is moderately fast. In the Sundarbans a minimum felling limit of 
2 ft. girth is fixed for sound trees. 

2. Carapa obovata, Bl. Syn. Xylocarpus oboval.ns, A. Juss. Vern. Pinle 
on, Burm. ; Dhimdol , Sund. ; Karambola, Chittagong. 

A smaller tree than the preceding, with a crooked stem and large globose 
capsules 7-10 in. in diameter. It occurs m littoral forests of the Indian 
Peninsula, Sundarbans, Chittagong. Burma, the Andamans, C’evlon. extending 
to the Malay Archipelago, Africa, and Australia. Mr. G. G. Bogers 1 savs that 
in the Andamans it occurs as a rule up the creeks, not immediately adjacent 
to the sea, along with Rhizophora nmcroimfa. It. conpit/ofa. Ccnops Cnndollcann, 

. and Kandelia Rheedii. hut that in certain localities it forms pure forests along 
the coast where true mangrove forests would have been expected. It does 
not produce pneumatophores like C. i nohtceensis : the roots arc superficial 
and often ribbon-shaped, with sharp edges. 

NOYMIDA, Adr. Juss. 

Soymidu febrifuga, Adr. Juss. Syn. Htmete.nia fcbrljwja. Roxb. Indian 
redwood. Vern. Rohan, rohini, JJind. : Rohan, Vriya ; Palam. Mar.: Snatiii. 
Kan. ; She.m. Tam. ; Rmni. Tel. 
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»]0<k] lU iiml (» lurge almost deciduous tree with a straight trunk, 
I 1 fiirlv thick dark inwinh biown bal k exfoliating in large plates j leaves 
p.uqmmbe, 0-1 5 long, W.th th.ec to mx leaflets 2-4-5 in. long. Wood 
<1 uk reddish brown very bard and durable, used for construction, agricultural 
implements- furniture, and other purposes. 

Distribution- and habitat. Common m the dry forests of the Indian 
Peninsula extending northwards to Merwara. the Mirzapur hills, and Chota 
Nagpur (Hazaribaeb, Falamau, &e.). ft is particularly common in the dry- 
forests of the Central Provinces, associated with Ghlmoxylon Smetenia, Ter- 
mhvdia tomenlosa. Acacia- Catechu, A. leucophloea , Anogeissus lalifolia, Phyl- 
Unthm Bmblica, Diospijros Mdanaxylmi , Zteyphvs Jujuba, Z. Xylopyrns, 
Ckistmitlms colUmcs, Buchaman-ia lat.ifoha, Bulea frondota, and other species. 


re Chloroxylon Suiietenia 
nd in which undergrowth 
y. The tree is frequently 
m-al habitat the absolute 
8° F., the absolute mini- 



e seed quickly loses its vitality. 

Geejqkatiojt (Fig. 78, b-e). Epigeous. The radicle emerges first, i 
cotyledons then push their way up by the growth of petioles 0-4-0-5 
, the soft covering of the seed, part of which is often washed off 
during germination, is either raised above ground and dropped v 
expansion of the cotyledons or left on or just below ground. \ 
mg shoot then develops in the angle between the two petioles of 


P r " uar y *°, n g> at fast thin, afterwards thickening greatly, 
in mnri wn 'y, whitish at first, turning light brown : lateral roots few 

terv di^ 1 ? nUmbe1 / fi ? rous * dented down main root. Hypocotyl not 
n nt *,j 1 A °“i r ? otj about °’ 2 iu - l° n g» scarcely emerging from the soil. 

bv o.r^n 1 ? 1 ? °* 4_ J . in - lon g> channelled above, glabrous : lamina 0-6 
ind omminAnfi 111 ^ orbicular or broadly ovate, apex rounded, base widely 
'S , (em P pr P n+ sa f 1 * tate > entire, fleshy, green, glabrous, venation obscure, 
’ W1, 3 r ; glabrous ; internodes 0-1-0-2 in. long. Leaves, first pair 














:t. 1-3 in., while the height of the boles to the first, branch varied 
in. to 13 ft. and averaged 10 ft. 9 in. The trees stood near a tank, 
loam, and the .growth in girth may be taken to be much faster 
d be under ordinary forest conditions. 1 

5. CHICKRASSIA, Ad]'. Juss. 
pnal spelling was Chukra-sia. 







liri.Tf). Chickra-ssia tabular is. Seedling x J. 
a, , b-f, germination stages ; 3-1, development of seedling to end of first season. 
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parts of Sibsagar, Assam, where owing to its superficial resemblance to Cedrela■ 
Toona, although it is considerably taller, it has escaped observation. In its 
natural habitat the absolute maximum shade temperature varies from 97° to 
105° F., the absolute minimum from 37° to 60° F. ; and the normal rainfall 
from 70 to 150 in. or more. 

Leaf-shedding, flowering, and fruiting. Kura describes the tree as 
evergreen. Brandis says it is usually deciduous. Bourdillon says it is leafless 
in the cold weather. The yellowish white flowers appear in April-May and 
the woody ovoid dark brown capsules, about 1-| in. long, ripen from January 
to March, the winged seeds escaping and being disseminated by the wind. 

















VI. MKLIAOEAE 


■ {Uypsvpyla robwsta). 

om’fTiox Various trials have been made at Dehra 
. si method of raising the tree artificially- It is necessary 
id, should be sown in March or April m light porous 
u sun i watering should lie done sparingly, but the soil 
■ed to dry up as the seedlings are sensitive to drought. 
l v lakes place m ten days to six weeks from date of 


e found preferable. Fair success 
’ prepared ridges about 1 ft. high, 
is gave an average of 8-6 rings 


b pinnate leaves and red wood resembling open-grained maho- 
lossibly more) Indian or Burmese species. 

C. Toona, Roxb.; 2. C. serrate, Royle; 3. C. microcarpa , C. DC. 
i. Toona, Prexb. Toon, red cedar, Moulraein cedar. Vern. Tun, 
111-, Hind.; Tody-, Mar. ; T-undu. Kan. ; Thevatharam, Tam. ; 
Thitkado, la-wdama. Burm. (Fig. 74.) 

ieciduons free with a spreading crown and large paripinnate 
long. Bark 0-4-0-5 in. thick, dark grey, red inside, smooth in 
ftenvards longitudinally and transversely cracked and exfoliating 
roody scales. Wood red, soft, shining, somewhat resembling 
mahogany ; much used for furniture, tea-boxes, cigar-boxes, 
iposes, and has been well reported on in the London market, 
lg to Its rapid growth and the demand for its timber, deserves 
■ion ill localities suitable for it. The fact that its fresh new 
S before tile commencement of the hot season makes it a very 


up to 4,000 ft., Chittagong, Assam. Burma, Cliota Nagpur, 
md other hills of the Indiau Peninsula. Frequently cultivated. 
sub-Himalayan tract it is found chiefly in shady ravines and 
and often (as in the Dehra Dun valley) in swamp forests 
llama rm-diflora, Ficus glomerate, Fterospermum acerifolium, 
ca, Altezzta procera, and other trees typical of moist situations, 
is found in ravines of the outer hills and along the banks of 
mg into Sikkim, Bhutan, and valleys farther east. Mr. W. R. 
tuimd in the lower forest of Bhutan up to 4.000 ft. and some- 
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times higher, associated with Duabanga sonneratioides, Terminalia myriocarpa, 
MicheUa Ckampaca, Casta-nopsis indica, and Schima WalUcMi , and that occa¬ 
sionally patches of very fine toon trees occur. Mr. A. J. W. Milroy found it 
in the lower forests of the Abor country associated with Oastmiopsis tribuloides , 
Oysoxyluin Hamiltomi, Termtnalia myriocarpa. Duabanga- sonneratioides , 
Amoora Wattichii, and others. It is met with in various localities throughout 
the Duars tract of Bengal and Assam, where it springs up readily on abandoned 
cultivation and on deep alluvial ground near rivers, associated with Treioia- 
nudiflora. It occurs in certain valleys in Chota Nagpur. In the Central 
Provinces it is found in Balaghat and Bilaspur along valleys (Haines). Talbot 
says it is more or less abundant in the evergreen rain and monsoon forests 
of the Konkan and North Ka-nara, and is found in the dry forests of the 
Akrani, Khandesh. In southern India it occurs mainly in evergreen forests. 
In Burma it is found in tropical forests. Generally speaking, in its wild state 
it frequents moist localities, such as ravines, banks of streams, and even 
swamps, but. if tended and watered in youth it is capable of gro.wing in com¬ 
paratively dry climates and Situations, and has been extensively grown as 
a roadside tree in northern India, In its natural habit at, the absolute maximum 
shade temperature varies from 95° to 110° F-, the absolute minimum from 
30° to 60° F., and the normal rainfall from 45 to 160 in. or more. Actually, 
however, it is cultivated in localities where the temperature readies 120“ and 
sinks below 30“ F., and where the rainfall may be as low as 30 in. 

Leaf-shedding, flowering, and fruiting. The time of shedding of 
the old leaves and appearance of the new ones varies greatly. In moist shady 
localities the leaves are retained longer than in drier situations ; sometimes, 
in fact, the tree is said to be evergreen. In northern India the old leaves as 
a rule fall in December, but in certain cases the tree may remain in full leal 
until February. The new leaves usually appear at the end of January and 
during February. When young they are dark red in colour : they develop 
rapidly, changing to bright green. The tree is extremely handsome when the 
new green -foliage is out. Kurz says it sheds its leaves in the hot season in 
Burma, Bourdillon says that in Tranvancore it. drops its leaves in September 
and is bare for some time. 

In the Duars tile flowers appear in February : in north-western India 
they do not usually appear till March or April. The small white flowers arc- 
arranged in lax panicles, and the petals quickly fall, whitening the ground 
around the trees. The five-valved capsules (Fig. 8ft, a. b). 0-7-1 in. long, in 
pendulous clusters, ripen m May and June (northern India), and the winged , 
seeds escape at different times from the end of May till .Inly, covering tin- 
ground for some distance around the frees ; in the early rains they are washed 
into heaps. The clusters of empty capsules remain long on the tree ; they 
may be seen hanging during the cold season when the trees an- leafless, many 
persisting until February or March when the. flowers are out. The seeds are 
light brown with a membranous wing at either end. ft-5-IMS in. long including 







XVI. MJSLJAGEAK 

,1 . Uirli-'l Provinces, Bengal, and Assam show that the 
Imnfhnlly every year. The dates of flowering and fruiting 
I 1 northern India ; those given by various authorities in 
are • (i) Burma, FI. March-April. Fr. October-November 
iy PI January Fr. Marcb-April (Talbot) ; (3) Travancore, 
iuary Fi' August to October (Boimhllon): (4) southemlndia, 
FI April-Mav (Beddome) : (5) Central Provinces, FI. Mareh-April, Fr. May- 
June (I-Iaines) • (6) Ohota Nagpur, FI. March-Apnl, Fr. June-July (Haines). 

G EiniiN yj-iou (Fig. 80. e-a). Epigcous. The radicle emerges from one 
end of the seed, the hvpocotyl arches slightly, soon straightening and carrying, 
the testa, with wings, above the ground : the testa quickly drops with the 
expansion of the cotyledons. 

The seedling (Fig. 80). 

Roots : primary root at first short and thin, afterwards long, much 
thickened and almost fleshy, terete, tapering, white turning yellowish brown : 
lateral roots .numerous, long, fibrous. Hypooolyl distinct from root, 0-8-1-3 in. 
long, thin, terete, cylindrical, delicate, green, minutely tomentose, slightly 
arched during germination. Cotyledons : petiole 0-1 m. long, flattened above, 
minutely tomentose : lamina 0-3-0-4 m. by 0-2-0-25 m., foliaceous, elliptical 
or ovale, entire, apex rounded, base obtuse or acute, green, minutely pubescent, 
at base, elsewhere glabrous. Stem erect, terete, delicate at first, afterwards 
wiry or woody, minutely tomentose : mtemodes 0-2-0-5 in. long. Leaves 
exstipulate, first pair simple or trifoliate, opposite or sub-opposite, subsequent 
leaves compound, alternate, earlier leaves trifoliate, later leaves to end of first 
season impanpmnate, 5- or 7-ioliate. Simple leaves with petiole 0-15-0-3 in. 
long, channelled above, pubescent; lamina 0-3-0-7 m. long, pubescent or 
glabrescent, pahmnerved, variable, usually more or less tripartite, sometimes 
only slightly lobecl. sometimes nearly trifoliate, lobes entire or coarsely and 
irregularly serrate or cremate. Compound leaves (first season) with rachis 
0-3-0-S in. long, leaflets variable, usually more or less 3 lobed, glabrous above, 
slightly pubescent beneath ; terminal leaflet up to 1 by 0-6 in., lateral leaflets 
up to 0-6 by 0-3 m. Leaves of second season impanpmnate with three or more 
pairs of lateral leaflets ; rachis 1-5-3-6 in. long, tomentose ; leaflets 1-2-5 in. 
long, lanceolate or ovate lanceolate, acuminate, base acute, serrate or entire, 
glabrous above, pubescent beneath, venation pinnate. 

During the first season the development of the seedling is moderate, 
a height of 4 to 9 in. being attained under favourable conditions. Although 
tlie seedlings make their way without difficulty through low and somewhat 
scanty need glowth they aie sensitive to suppression by dense heavy weeds, 
and succumb in large numbers where the weed-growth is dense ; even if they 
survive they do not ordinarily attain a height of more than 2 or 3 in. by the 
end of the season. During the second season the growth is more rapid, 
a maximum height of over 5 ft. being attained, with a taproot up to 2i ft. 
long andlm. in diameter. During the second season the toon borer (Hypsipyla 
)0 Kilo Moore) commences its ravages in the rains, boring down the pith of 
the leading shoots and killing them ; this borer, the larva of a pyralid moth, 
is t le cause of much interruption in the development of the young sapling, 
° n ^ ^ -'l*oL plant io not killed the leading shoot dies down and 
growth has to be continued from new shoots below the original leader. By 

ofTnut* el 'V' Ilird T on a maximum hei s ht of 7 ft - and an a ™ a g* hei e ht 

. may be attained under favourable conditions : the growth, 
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however, varies greatly in different individuals even under the same con¬ 
ditions, some remaining comparatively small for no apparent reason. 

A plot of natural seedlings at Dehra Dun on ground covered with a low 
growth of grass and weeds in the open was kept under observation for three 
years; the heights attained by the end of the first, second, and third seasons 
respectively were 3-5 in., 18-24 in., and 3-4 ft. These measurements apply 
to north-western India. Under more favourable climatic conditions the rate 
of growth is faster : in the Buxa Duars natural saplings 10-14 ft. high have 
been found on a cultivated area abandoned three years previously. 

Toon seedlings are not very sensitive to frost, but require shelter from 
a hot sun in the first season. Their development is poor on stiff soil, and they 
respond readily to loosening of the soil during weeding. In northern India 
they are leafless for a short time in the cold season : the season’s growth 
- continues till November or December and new growth begins in February or 

Silvicultural characters. Tlic toon is a moderate liglit-demander ; 
L it stands a moderate arnomit of shade in youth, the young plants requiring 
j protection from the sun ; afterwards it requires full overhead light and crown 
|! room for proper development. In its natural state it grows best'in small gaps 
I i in the forest, where the ground remains moist, and the saplings obtain a certain 
j amount of side protection with complete overhead light. In such places the 
| tree develops a tall clean bole : when grown in the open it tends to branch 
lower down, forming a large crown. The tree is usually considered to be 
,j frost-hardy, botl^in the seedling stage and later : in the severe frost of 1905 
* in northern India it generally escaped damage. Parker. 1 however, notes that 
it does not do well in the Changa Manga plantation near Lahore, where it 
, suffers much from frost when young. It is sensitive to fire, and does not 
stand much drought. One of the most serious dangers it is exposed to is the 
toon fruit- and shoot-borer {Bypsipyta robusta ) referred to above. The life- 
history of this insect, and measures for dealing with the pest, have been fully 
described by Mr. C. E. C. Beeson. 2 Seedlings and saplings are often badly 
browsed by deer. For its best development the toon requires a deep rich 
moist loamy soil: it is sometimes grown in comparatively dry situations as 
a roadside tree, but here it requires watering in youth and is also liable to 
die off in case of excessive drought. The root-system is largely superficial, 
and the tree is thus harmful in the neighbourhood of field corps. The branches 
are often lopped for fodder, resulting in large decayed cavities in the tree. 

Natural reproduction. Under natural conditions germination takes 
place soon aftet the fall of the seed, early in the rainy season or after the 
early showers preceding the monsoon. The large quantity of seed produced 
should ordinarily favour natural reproduction. Much of it, however, which 
falls before the monsoon breaks and is exposed to alternate wetting and drying 
with the early showers, is apt to fail: in spite of this a considerable proportion 
of the crop germinates from seed falling at the right time, and seedlings arc 
often found in quantity round the base of walls and buildings or in other 
places to which the seed is washed by the rain. Large quantities of germinating 
seeds and young seedlings, however, are washed away or beaten down during 
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and lightly covered with fine earth. Regular watering is necessary, but great 
care is required to prevent the light seed from being washed away. A good 
plan is to cover the beds with a. thin layer of grass and to water through 
a fine nozzle, the grass being removed as soon as the seedlings appear ; other¬ 
wise watering by percolation is successful. In the first season the young 
seedhngs should be protected by screens during the heat of the day unless 
t le eds are shaded by trees. Regular weeding and loosening of the soil is 
essential. The seedlings require growing room, and if at all congested should 
f pucked out about 8 m. by 8 in. during the first rains. Transplanting is 
n U ? S Ti d rainS ’ the Stem bein § pruned do™ to about 3 in. 
hom ground-level and the taproot being pruned down to about 9 in. Seedlings 
^ n . m ! lis n' a ^ ^ ave k een found to transplant successfully and to 
„ P , s ° lou ‘ y- Transplanting may also be carried out during the cold 
>ea&on when the plants are leafless. 
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Rate of gbowth. The rate of growth is rapid. Gamble s specimens 
showed a growth varying from 3 to 9 rings per inch of radius- representing 
a mean animal girth increment of 0-7 to 2-1 in. Brandis'* measurements 
of trees 30 and 35 years old on the Eastern Jumna Canal gave an average 
growth of -2J to 3 lings per inch of radius, or a mean annual girth increment 
of 21 to 2-6 in. Gamble records the average measurements of 50 trees m the 
* Knlsi plantation in Assam; these were found to have at an age of 22 years 
a height of 63 ft. and a girth of 22 in. Ring-countings on 12 stumps in the 
Tista valley, Bengal, gave a mean annual girth increment of 1-2 in. Two 
cross-sections in the silvicultural museum at Dehra Bun, from trees grown in 
that station, shoived the following measurements : 

1. Age 38 years ; girth 4 ft. 5 in. : mean annual girth increment (over bark) 

1-4, in. 

2. Age 33 years ; girth 4 ft. 4 in. ; mean annual girth increment (over bark) 

Mr. F. Gleadow records the mean of four trees 16 years old in the Change 
| Manga irrigated plantation, Punjab, as 2 ft. 1^ in. in girth and 46 ft. in height. 
|| Measurements made in 1907 in plantations in the Thapal Grant estate, Saharan- 
| pur district, United Provinces, gave tlie following results : 

I 1. Age 6 years ; average girth 10-7 in. ; average height 20-6 ft. (mean of 
ij; 12 trees). 

!: 2. Age 16 years ; average girth 2 ft. 7-5 in. ; average height 33-9 ft. (mean 

|j of 77 trees). 

2. Cedrela serrate, Rovle. Hill toon. Vern. Drawi, dalli, darlv,, darli. 
W. Him. 

A moderate-sized to large deciduous tree of the western Himalaya up to 
8,000 ft., Manipur’, and Upper Burma. Leaves larger than those of C. Toona, 
2-3 ft. long with 12--24 pairs of leaflets. Bark about 0-5 in. thick, with deep 
regular longitudinal fissures from an early age. The wood is light red, more 
open grained than that of the. toon, and has an unpleasant odour when fresh : 
it is used for building, planking, and general carpentry. The tree is leafless 
during the cold season. The long drooping panicles of pink to nearly' while 
flowers appear from May to July, and the capsules ripen in July-August; 
these are about 1 in. long, in pendulous clusters, and remain long on the tree 
after ripening. The seeds are winge'd only at the upper end. Fig. 82 shows 
a tree in flower. The tree produces root-suckers in great abundance ; these 
sometimes form thickets to a considerable distance round the, parent stem. 
Natural reproduction takes place readily on landslips, among loose boulders, 

' or wherever new ground is exposed, particularly on the sides of ravines where 
there is a certain amount of moisture.. The tree requires well-drained ground 
and situations which are not too dry. It is often cultivated in the hills for 
ornament, and Gamble says it has been introduced in Ceylon as a shade tree 
for tea, and that it is very lapgely planted for the same purpose over coffee 
in Java. The growth is rapid, Gamble’s specimens showing as much as two 
rings per inch of radius, representing a mean annual girth increment of 
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light- feathery crown with glaucous green, pinnate, aromatic leaves; bark thick, 
corky, yellow or light grey, aromatic. In India it does not often attain any 
great- size, but in Ceylon it reaches a girth of 8 or 9 ft., though the bole rarely 
attains a length of over 30 ft. 1 This tree furnishes the well-known satinwood 
of commerce, used for all kinds of ornamental work. 

Distribution and habitat. Common in the dry deciduous forests in 
the Indian Peninsula, extending as far north as the Satpuras and Chota Nagpur. 
Mr. Broun gays that in Ceylon it is absent only in the south-western portion 
of the island, which is subject to the south-west monsoon, and from the higher 
mountain ranges; and although trees may be seen up to 1,500 ft, elevation, 
as a rule it may be said that it is not found above 800 ft. or in localities with 
a rainfall of over 65 in. In the Indian Peninsula it is common in dry types of 
mixed deciduous forest on metamorphic rocks, sandstone, and laterite, pro¬ 
vided the soil is not stiff and clayey ; it will grow on bare rocky ground and 
on poor soils if they are well drained and contain a large proportion of sand 
or gravel, and is found even on black cotton soil. It attains comparatively 
large size on sandy loam in the Chanda district. The satinwood is mixed 
with a variety of species which differ somewhat according to locality. Its 
chief associates are Acacia Catechu, Terminalia tomentosa, T. Cltebvla, Ano- 
geissus kilifotia, Buchanania UitifoHo , PhyUcmtlms Bmblica, Cleisianthus collinus. 
Cassia- Fistula, Soymida febrifuga, Pterocarpus Marsupimn, Dalbergia laUfolia, 
/>. paniculata, Albizzia Lebbek, A. odorahssima, La.gerstroem.ia- parviflom, 
Diospyros Melanmylon, Zizyphus Jujuba, Z. Xylopyrus, Cochlospermvm. Gossy- 
pium, and other species typical of dry miscellaneous forest. Within a restricted 
area (North Arcot. and neighbouring localities) Pterocarpus sanialinus occurs 
with it, while in some districts Hardwickia binata is a common companion. 
In parts of Madras it occurs on very poor soil, often consisting of red sand, 
associated with Albizzia amara, Acacia planifrom, and Dichrostachys cinerea. 
It is sometimes typically found in association with Soymida febrifuga' on poor 
calcareous soil with nodules of kanlcar. 

In the Indian Peninsula it occurs in dry hot regions where the absolute 
maximum shade temperature may rise to nearly 120° F., the absolute minimum 
being 35° F., and the normal rainfall varies from 30 to 60 in. 

Leaf-shedding, flowering, and fruiting. The tree is usually leafless 
from February to April or May. The panicles of small cream-coloured flowers 
appear in March-April, and the fruits ripen from May to August or sometimes 
later. The capsules are oblong, dark brown, coriaceous, 3-valvcd, 1-1-5 in. 
long. The seeds (Fig. 86, a) are brown with a broad wing at one end. the 
whole 0-6-0-8 in. long by 0-15-0-2 in. broad; the wing is brittle, with one 
margin broad and angular. The seed does not retain its vitality long. Records 
of seed-years show that as a general rule the tree seeds abundantly almost 
every year. The seed is adapted for dissemination by wind to moderate 

Germination (Fig. 80, b~f). Hypogeous. 'The radicle emerges at one 
end of the seed, and if the wing is stili present at the time of germination the 
thin pointed plumule breaks through it. The. cotyledons remain underground 
wit-fun the testa. 












CHLOROXYLON‘ 


203 


off their antlers, the bark of ever}' tree being rubbed down where deer are 
plentiful; this is no doubt due mainly to the aromatic nature of the bark. 
The tree coppices and produces root-suckers, sometimes in great abundance. 
Recent experiments in North Chanda showed that in hardiness of coppicing 
—that is, percentage of stools surviving after coppicing—it was equal to 
Pterocarpus Marsupiiim, 58 per cent, of stools surviving as against 100 percent, 
for Lagerstroemia parvifora , 98 per cent, for PhyllantMis Emblica, 95 per cent, 
for OUistantlms collimi-s. 70 per cent, for Anogeissus lalifoUa, and 10 per cent, 
for Diospyros Mdatmxylon. As regards insect and fungoid pests, Mr. Broun 
notes that the tree is liable to the attacks of insects which bore into the pith 
of the young shoots ; also that a large number of trees die from the attacks 
of the larva of a beetle, probably a longicom, which tunnels between the bark 
and the wood. He also mentions that in some parts of Ceylon the trees are 
liable to the attacks of a fungus which rots the centre of the tree and causes 
a clean hole sometimes throughout the length of the bole. 

Natural reproduction. Under natural conditions, germination takes 
' place during the rainy season, about 1-2 weeks after the fall of the seed, pro¬ 
vided there is sufficient rain. The chief factors promoting successful reproduc¬ 
tion by seed, where seed-bearers are present, are a well-drained light sandy 
soil, freedom from heavy weed-growth, protection against the sun in early 
youth, and thereafter an abundance of light. Numerous seedlings are often 
found coming up under a moderate cover of bushes such as Zizyphus Jujuha, 
Carissa spinarum. Canthmm parvifiomm , and others, while natural repro¬ 
duction frequently springs up in clearings and along the sides of roads and 
lines through the forest, often under the shelter of hushes. 

Artificial reproduction. The satinwood has never been extensively 
cultivated artificially. In experiments carried out at Debra Dun, good success 
was attained by direct sowings both on well-dug level ground and on raised 
ridges about 1 ft. high, provided that regular weeding was carried out from 
the time the seedlings appeared ; unweeded sowings proved an entire failure, 
as did sowings on patches of stiff soil. Seedlings raised on well-prepared soil 
can be transplanted without much difficulty both in the first rams and in the 
second rains, provided earth is kept round the roots. As the seedlings are 
tender to frost and drought it is advisable to keep them under protection in 
the nursery for the first cold and hot- seasons, and transplant, them in the 
second rains. In the forest the necessary protection from the sun in early 
youth could be secured by sowing in cleared strips sheltered from the south 
by existing forest growth, or by raising the satinwood between lines of other 
species introduced a few years beforehand. 

Silvicultural treatment. In India the miscellaneous forests containing 
satinwood are usually worked as coppice-with-standards, the satinwood being 
one of the trees retained as standards. It would probably not be difficult, to 
obtain natural reproduction by opening the canopy slightly near seed-bearers 
by girdling or felling inferior species, care being taken not to open so heavily 
as to promote a strong growth of weeds. When the seedlings appear they would 
require to be kept free from weeds, while more light would have to be admitted 
by the further opening and, if necessary, the final removal of the canopy. 

Rate of growth. The rate of growth is somewhat slow. Mr. Broun 
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10. AMOORA, Roxb. 

Species 1. .4. RohUuha, W. and A.; 2. A. cvcullata, Roxb. 

1. Amoora Robituka, W. and A. Vern. Sohaga, Oudh : Bandriplml, 
Nep. ; Pitraj, Beng. : Thitni, Burm. 

A moderate-sized handsome evergreen shade-bearing tree with a com¬ 
paratively short bole and a dense spreading crown with large imparipinnate 
leaves. A widely distributed but seldom very abundant tree of the sub- 
Himalayan tract, from Gonda and Gorakhpur eastwards through the tarai. 
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that the degree oi tending and of protection from insects and other sources 
of injury must influence the results to a great extent, while no doubt, like other 
Mdiaoeae, it requires careful weeding in the earlier stages. The tree thrives 
best in a moist warm climate on deep rich soil which should not be stiff : 
Bourdillon, writing of the tree in Travancore, says it requires an exceptionally 
free and well drained, even sandy soil, otherwise it is apt to suffer from canker 
of the- shoots. It has also succeeded best so far in localities not far removed 
from the sea and at elevations not much above sea-level. In dry climates and 
on poor soils it is a complete failure. At Durbhanga trees have occasionally 
been subjected to prolonged inundation without any apparent bad effects. 
The tree fruits well in India and produces fertile seed sometimes at as early 
an age as 20 years, though as a rule it does not seed until it is about 30-40 
years old. It does not stand much shade ; experiments* at Nilambur in planting 
it under teak proved a failure. In some localities insects greatly damage the 
trees, preventing their development and even killing the smaller individuals ; 
among others the toon twig-borer (Bypsipyh- robu&ta) does much damage to 
the yourfg shoots. Seedlings and saplings are subject to injury by deer and 
|||j pigs, while monkeys damage the trees by breaking the branches for the sake 
I I of the succulent twigs and the bark. For artificial propagation the plants 
!' are usually raised in baskets or deep, narrow pots and planted out when about 
| i 1 ft. high, the pots being broken in the planting pits. In India the flowers 
appear in April—May, and the fruits ripen from October to December. Mr. 
i Rama Rao 1 records a case of normal flowers being produced by a seedling 
•i barely ten months old in April 1913 at Quilon in Travancore. Another case of 
i) precocious flowering is described by Hemsiey in Hooker’s leones Phniarum. 
Plate 2786, under the name of S. Mahagoni var. praecociflora. from material 
sent from the Royal Botanic Gardens, Trinidad ; the seedlings in question were 
6-10 in. high, but in this case the flowers were abnormal in certain respects. 

Rate of growth. In India the rate of growth of the mahogany tree is 
very rapid in localities where it has been grown with success. Gamble in¬ 
stances measurements recorded by Dr. T. Anderson in 1866 showing that 
three trees at Calcutta, presumably 73 years of age, had girths of 14 ft. 3 in.. 
12 ft. 3 in., and 13 ft. respectively, representing a mean annual girth increment 
of nearly 2-2 in. Trees introduced in 1795 into the Royal Botanic Gardens, 
Calcutta, had attained in 1864 a girth of 12 ft. (mean annual girlh increment 
2-1 in.), and in 1907 a girth of 14 to 18 ft. (mean annual girth increment Do¬ 
l'd in.) with a height of 120 to 130 ft. Ten trees with a mean age of 58 years, 
measured at Saliaranpnr in 1872. had a mean annual girth increment of 1 -26 in- 
representing an average girth of slightly over 0 ft. Mr. J. Xisbet " records 
measurements made by him at Akyab in 1881 of ten frees (lien about 42 years 
old : the total height varied from 36 to 60 ft., the length of bole from 5 to 9 ft 
and the girth at 5 ft. from ground-level from 5 ft. 5 in. to 10 ft. 1 in. The 
average girth was 6 ft. 10 in., representing a mean annual girth increment 
of 1-95 in. These, trees grew for the most, part in open situations, and height- 

a section cut at Nilambur showing 2-2 rings per inch of radius, representing 
a mean annual girth increment of 2-9 in. In the Andamans, young trees eight 
1 Ind. Forarter, xxxix (1913), |>. 327. * 11, id., vii (HWI-2J.)>. 2.70. 
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ORDER XVII. ILICINEAE 

This order, comprising the one genus Ilex (holly) with between twenty 
and thirty species, is of small importance from a forest point of view. The 
trees are for the most part evergreen hill species with shade-bearing tendencies : 
several have spinous-toothed leaves. 

ILEX, Linn. 

Species 1. 1. insignis. Hook. f.; 2. I. dipyrena, Wall.; 3. I. denticulata, 
Wall.; 4. I. Wightiana, Wall. 

1. Ilex insignis, Hook. f. Vem. Lasuni, Nep. 

A small evergreen tree with large prickly leaves and bright red berries 
which ripen in the winter : the common holly of Darjeeling. 

2. Ilex dipyrona, Wall. Himalayan holly. Vem. Kanderu, Jaunsar; 
Shanqata , Punjab. 

A moderate-sized evergreen tree of the western Himalaya from Bhutan 
westwards at 5,000 ft. upwards. In favourable situations it ordinarily attains 
a. height of 40-50 ft. and a girth of 4-| ft., though trees of much larger girth 
have been recorded. Bark light yellowish grey, smooth, often moss-covered, 
becoming dark greenish brown and rougher in old trees. The leaves are stiffly 
coriaceous, spinous serrate or entire. The clusters of greenish white flowers 
appear from April to June, and the dense clusters of red berries commence 
. ripening in October and continue to ripen in the winter, the quantity produced 
varying in different years. The tree is a strong shade-bearer, and prefers cool 
damp shady places, particularly along moist ravines. 

3. Ilex denticulata, Wall. 

A large tree of the Nilgiris and Anamalais, common in sholas at 6,000- 
8,000 ft. 

4. Ilex Wightiana, Wall. 

A large tree of the hills of southern India ; common in the Nilgiri sholas, 
and conspicuous from its white flowers and red berries. In Travancore at 
4,000 ft. in evergreen forest on the Peermerd plateau (Bourdillon). 

ORDER XVIII. CELASTRACEAE 

This order is of comparatively small importance in Indian forestry, 
comprising for the most part small trees, shrubs, and climbers. There are 
several Himalayan species of Biwnymm, small evergreen or deciduous trees 
or shrubs, with even-grained compact white or yellowish wood used for 
carving ; Borne of these (e.g. B. tingen-s , Wall.) are characterized by a. capacity 
for producing root-suckers in great abundance, especially where the roots are 
exposed, and are thus useful for consolidating and retaining hill slopes and 
cuttings. 

Genera 1. Lophopetaeum, W'ight; 2. Elaeodendhos. Jacq. f. 

* 1. LOPHOPETALUM, Wight. 

Lophopetalom Wightianum, Am. Vem. Balpah, Kan. ; Venkotta, Mai. 

A very large evergreen tree of the west of the Indian Peninsula from the 
Konkan southwards, up to 3,000 ft. in the Western Ghats, in evergreen forests. 
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Distribution and habitat. 
is fairly widely scattered throughout 
tract and outer Himalaya, Oudh, C 
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the time the seed is sown, stimulates development, but the sudden removal 
of weeds over seedlings previously unweeded is liable to result in the death 
of the seedlings, which are tender to drought. Numbers of germinating 
seedlings perish through drying up when the seed germinates on the surface 
of the ground without becoming covered with earth. The seedlings appear 
able to struggle successfully against weed-growth, though their development 
is impeded by it. The seedlings are moderately frost-hardy. They are liable 
to damage by insects, which sometimes kill them. 

Silvicultural CHARACTERS. Tile tree is a moderate shade-bearer. It. 
is fairly frost-hardy. It produces root-suckers, and frequently regenerates by 
this means. It is sometimes supposed that regeneration is obtained entirely 
by root-suckers, the seed being sterile, but, as already noted, tests and experi¬ 
ments at Delira Dun have shown that this is not the ease. 

Artificial reproduction. If seed be sown in drills in the nursery in 
March or Aprj), lightly covered with earth and watered, the seedlings appear 
above ground in about four or five weeks, and may be planted out during 
the first rains when a few inches high. They stand transplanting only 
moderately well, some dying back but as a rule recovering. 

Rate of growth. The rate of growth is slow. Periodical measurements 
of trees l-J-3 ft. in girth in tlu'ee sal sample plots in the Lansdowne division, 
United Provinces, showed mean annual girth increments of 0-35, 0-11, and 
0-20 in. as compared with 0-54, 0-20, and 0-25 in. respectively in the case of 
sal of the same dimensions. 


ORDER XIX. RHAMNAOEAE 

With the exception of certain members of the genus Zizyphvs, this order 
is not an important one silviculturally ; it consists mainly of shrubs, some 
of them climbing or straggling, and small trees of little importance. 

ZTZYPHUS, Juss. 

Trees or shrubs, some climbing or straggling, usually armed with stipular 
prickles. The fruit is a drupe, as a rule, fleshy ; the fruits of many species 
are devoured by birds and animals, and the seeds are spread by their agency. 

Species 1. Z. Jujuba, Lam.; 2. Z. Xylopynis, Wilkl.; 3. Z. vulgaris, 
Lam.; 4.' Z. nummnlaria, W. and A.; 5. Z. Oenoplia, Mill.; 6. Z. rugosa, Lam. 

1. Zizyphus Jujuba, Lam. Vern. Ber, Hmd. : Jelacln. Kan. ; Bor, Mar. ; 
YeUandai, Tam. ; Regu, Tel. ; Zi, Burm. The cultivated form is known as 
petmndi ber, seo ber, or kabuli ber. 

A small to moderate-sized deciduous (almost evergreen) tree with a short 
bole, spreading rounded crown, and drooping branches armed with stipular 
prickles. Bark dark grey or nearly black, with long vertical fissures, reddish 
and fibrous inside. The tree is very variable in size and genera! appearance, 
and in the size and shape of its fruits ; a low shrubby form is common on 
grass-lauds in many localities. The tree sometimes readies large dimensions. 
Mr. E. D. M. Hooper 1 records a tree SO ft. high, 10 ft. 0 in. in girth at 5 ft. 

1 InJ. Forester, vii (1881-2), p. 2.W. 
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The seedung (Fig. 87). 

Boots : primary root long, terete, tapering, wiry : lateral roots moderate 
in number, fibrous, distributed down main root. Hypocotyl distinct from the 
root, 0-3-0-8 in. long, terete or slightly compressed, cylindrical or tapering up 
or down, green. Cotyledons : petiole 0-4-0-6 in. long, flattened above, glabrous: 
lamina 0-4-0-6 in. by 0-4-0-6 in., foliaceous, orbicular, apex truncate, base 
tapering slightly, entire, green, glabrous, 5-veined from base, three veins more 
prominent than the others. Stem erect, terete, wiry, green, tomentose ; 
internodes 0 4-1-2 in. long. Leaves simple, first pair opposite and smaller 
than the others, subsequent leaves alternate. Stipules up to 015 in. long, 
spinescent. Petiole 0-1-0-2 in. long, channelled above, tomentose. Lamina, 
first pair 0-7-1-2 in. by 0-6 in., subsequent leaves 1-2-2-5 in. by 0-6-1-2 in., 
ovate or elliptical, apex acute or rounded, mucronate, base acute or rounded, 
serrate or nearly entire, glabrous above, sparsely pubescent beneath, pro¬ 
minently 3-veined from the base. 

The development of the seedling varies greatly according to the treatment 
it receives. On loose soil, if weeding and watering is carried out and if the 
plants grow in full sunlight, the growth is rapid, a maximum length of stem 
of as much as 2-2J ft. and 3-4 ft. being attained by the end of the first and 
second seasons respectively ; the growth is always straggly, and by the end 
of the third season a thick bushy growth of plants up to 5 ft. high may be 
obtained under similar favourable conditions. Under ordinary natural con¬ 
ditions the development is much slower, a height of 2 to 5 in. being usually 
attained by the end of the first season, increasing to about 7 to 14 in. by the 
end of the second season.. The seedling has a long wiry taproot: nursery 
plants dug up in the second season have been found to have taproots as much 
as 4 ft. in length. Vigorous nursery-raised plants of the wild variety have 
been found to flower for the first time in the second season, and to produce 
an abundant crop of fruit by the end of the third season. In northern India 
the growth of the seedling ceases about bfovember-December, the leaves 
commencing to fall in December ; new' growth starts in February. Ordinarily 
the seedlings stand frost well, though severe frost sometimes affects them 
slightly ; in hot dry weather the new shoots of young plants are apt to dr}’ 
up, but the seedlings have good power of recovery from such injury. 

SttVictJLTUBAL characters. The tree is a light-demander, developing 
best in open situations ; experiments carried out at Dehra Dun have shorn) 
that under even partial shade its development is poorer than in full sunlight, 
while in the wild state it is typically found in open places. It is decidedly 
frost-hardy; in the abnormal frosts of 1905 in northern India, and 1910-11 
in the Peninsula, it proved to be one of the hardiest trees. It also stands 
drought well, as was proved in the severe drought of 1899 and 1900 in central 
India, when it was unaffected ; in the abnormal drought of 1913-14 in central 
India, however, it is said not to have flowered and fruited, while seedlings 
of the previous year died in quantity. It lias great power of recovery from 
injury of any kind, including fire, and thrives in grassy tracts which are burnt 
annually. It is readily browsed by goats and is a good camel fodder ; even 
in heavily grazed areas, however, the dense prickly clumps protect, not only 
themselves but also other tree seedlings and saplings, enabling them to establish 
themselves. In its tree form its dense spreading crown affords a considerable 
degree of shade, killing out grass and other vegetation underneath it. It 




stones should lie in soil exposed to the sun, since those lying in any but partial 
shade persistently refuse to germinate, and even those in slight shade show 
very little tendency to do so. Not only was this observed in various shaded 
and unshaded plots in the open, but fruits sown in a box kept under shade 
and regularly watered refused to germinate although fruits otherwise similarly 
treated but exposed to the sun germinated readily ; eventually the shaded 
box was placed in the sun, and germination started within a few days. Under 
natural conditions the fruits or stones lie on tile ground throughout the hot 
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on ploughed land or along lines which have been ploughed or dug up ; i{ quick 
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.prominently 5-veined from near 

irl’inrv vein-* reticula to Stem erect, terete, somewhat zigzag at nodes, 
nentose ■ internodei 0-15-0-4 in. long. Leaves simple, first pair 
-, ... S1 ,j, opposite smaller than the others, remainder alternate. 

1-0J 5 in long tomentose- Lamina, first pair 0-2-0-3 in. by 0-15 in., 
it leaves 0-5 0-7 in. by 0-3-0-4 in., ovate, acute, mucronate, serrate, 
ar slightly pubescent above, pubescent below. 

The height-growth of the seedling is slow, but at an early age—often in 
the first month after germination, when the height is not more than 1-1$ in.— 
prickly side branches are sent out, and these develop more rapidly than the 
main stem. By the end of the first season the seedlings are only a few inches 
high, with numerous side branches up to 0 or 7 in. in length ; a long wiry 
taproot, often 15 in. long by the end of the first season, is produced. The 
cotyledons persist until the end of the first- season, and sometimes through 
the greater part of the cold weather, before they die off. The subsequent 
height-growth of the seedling is slow, a height of about 9-15 in. being ordinarily 
attained by the end of the third season : the branch development, however, 
is vigorous, and in a few years the young plants form a dense impenetrable 
thorny thicket. In northern India the leaves of seedlings commence to dry- 
up about November-December and fall from January to March, the plants 
being leafless until the new shoots and leaves appear from March to May. The 
leaves are much subject to defoliation by insects. The seedlings are decidedly 
frost-tender and are apt to die off on damp ground ; they withstand drought 
well. Although weeding stimulates their development they have considerable 
power of struggling up through a comparatively heavy growth of grass. 

Silvicultural characters. The tree is a light-demander, growing 
typically in open situations, hut is capable of standing a slight degree of shade. 
It- withstands drought well; in the abnormal drought of 1907 and 1908 in 
Oudli it suffered slightly, but this was on poor dry soil where most species 
would have succumbed. It is frost-tender in its younger stages, and is usually- 
considered to be tender to frost in its later stages also. It suffered considerably 
in the Saharanpur district in the abnormal frost of 1905, though in the neigh¬ 
bouring Lansdowne forest division it is reported to have been one of the last 
trees affected. It is readily browsed by goats. It has considerable power of 
recovery from injury, and is thus capable of surviving in areas overrun by fire. 
It, coppices and pollards well. Measurements made in 1910 by Mr. C. M. 
McCne m coppice coupes in Gorakhpur, United Provinces, showed an average 
production of 1-5 to 3 shoots per stool in coppice 5 to 9 years old and 1 shoot 
per stool m coppice 11 to 15 years old. In grassy tracts the tree tends to kill 
out the grass underneath it, particularly where it forms thickets. 

Natural reproduction. The fruits fall at different times after ripening, 
uring le cold and hot seasons. If they become buried by rain or otherwise, 
. 0 ermina ion requently takes place during the first rainy season, the stone and 
!' e ° U e \ C0 ,^ ei ^ n g’ P r esent, splitting as already described. Many fruits, 
ei, ie through the rains and succeeding cold and hot seasons and do not 
ns > and instances have been noticed where 
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McCrie, in coppice coupes in Gorakhpur, United Provinces, showed the following 
rate of growth of Zizyphun Xylopynts as compared with sal in the same coupes : 


Zizyphm Xylopyrun : coppice 


ts, Gorakhpur, United .Provii 


Measurements made in the Bhandara district, Cent ml Provinces, in 1012 -13 
showed an average height of coppice-shodts one year old to be 0 ft. 9 in. for 
Zizyphus Xylopyrun, as compared with 7 ft. 5 in. for PhyUauthvx krnbhca, 

7 ft. 1 in. for teak, 6 ft. 4 in. for Acacia Catechu, and 3 ft. 11 in. for Buchauania 
latifolia. In the Madras Forest Administration Report of 1007-8 it is recorded 
that coppice-shoots six months old in the Chingleput district had a height of 

8 to 15 ft. and a girth of 4 in. 4 
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(6) catting it and then burning(«) cutting it, splitting the stump and keeping 
the split open by means of a stick or stone ; (d) cutting it, splitting the stump', 
and pouring on the exposed surface, particularly on the cambium layer, 
a solution of quicklime and sulphur in the proportion of 4 oz. of the former 
to 1 os. of the latter in 4 lb. of water, the whole being well boiled. According 
to the latest report available the application of lime, sulphur, and boiling water 
is said not to have been very successful: splitting the stumps of the cut 
climber is reported to have given better results. 1 

6. Zizyphus rugosa, Lam. Syn. Z. lat.ifolui. Rnxb. Vern. Huron, churna, 
bhand her, dhaura, Hind. ; Turcm, Mar. ; Churai, Tam. ; Myaukzi, Burm. 

A scrambling or climbing large shrub or small tree armed with strong 
hooked prickles, common in many parts of India and Burma. This plant is 
at times troublesome, but is far less so than Z. Oenoplia. 

ORDER XX. SAPINDAOEAE 

An order of considerable interest and importance in Indian forestry. 

Genera 1. Acer, Tournef.; 2. Hodonaea, Linn.; 3. Aesculus, Linn.; 
4. Schleichera,. Willd.; 5. Sapindijs, Linn. 

1. ACER, Tournef. 

There are about fifteen species of maple in India, all trees of the hills : 
of these only two are non-Himalayan, one ( A. isolobimn, Kurz) being confined 
to Burma and the other (A. niveum, Blume) to Assam and Burma, while of 
the Himalayan species two (A. oblongum. Wall., and A. laevigatum, Wall.) 
extend to Assam or Manipur, and a third (A. Thomson* , Miq.) to Assam, Mani¬ 
pur, and Burma. Of the Himalayan species three (A. pentapomicum , J. L. 
Stewart, A. villosum, Wall., and' A. caesium, Wall.) occur in the western 
region; six (A. Ilookeri, Miq., A. sikkimense, Miq., A. sta-chyophyUmn. 
Hiem., A. Thomson*, Miq., A. Papilio, Kiiig, and A. Gampbellii, Hook. f. 
and Thoms.) in the eastern region; and four (A. oblongum, Wall., 
A. laevigatum, Wall., A. caudatnm, Wall., and A. pielmn, Thimb.) in both 
regions. Hitherto the Indian maples have not possessed the economic impor¬ 
tance of those of most other countries in which maples are found. This is not 
due to any inferiority in tile quality of the. wood, for according to Gamble the 
structure of the wood of all maples, Indian included, is very uniform, and most 
if not ail Indian species possess the handsome silver-grain characteristic of 
maple wood in general. That the wood of Indian maples has so far been 
restricted almost entirely to local use is due mainly to the fact that flic trees 
are found chiefly in mountainous country from which extraction is difficult, 
that the wood is not durable enough for general construction on the plains, 
and that the demand for woods of its class for joinery or ornamental work 
can be met by other woods in more accessible regions. Locally the wood of 
maples is used for planking, tea-boxes, and construction, and for ttiming into 
drinking-cups and other utensils. With improvements in methods of extraction 
and with the development of wider markets the Himalayan maples may yet- 
become of greater economic importance, than is the case at present, in which 
event more attention will have to he paid to their silvicultural study thim has 
1 Forest Report, C. 1010-17. 
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, Wall.; 




.J. L. Stewart; 4. A. caeatum, WaU.; 8. A. mUosvm, Wall.; 6. A. 

pictum, Thunb.: 7. A. CampbeUii, Hook. f. and Thoms .; 8. A. sikkimense, Miq. 

). Acer oblongnm, Wall. Vem. Panrjot, parpat, kirmola, W. Him. 

A moderate-sized tree of the outer Himalaya, and valleys from the Jhelum 
to Bhutan, ascending to 6,500 ft., Assam, Manipur. It is essentially a low- 
level species, being found both on the outer hill slopes of the Himalaya, for 
example below Mussoorie, and in ravines or moist valleys, as along the banks 
of the Kotri river in the United Provinces at 2,000 ft., and in some parts of the 
Dehra Dun valley below 2,000 ft. The leaf differs from the ordinary type of 
maple leaf in not being lobed, but oblong lanceolate and entire. The tree is 
never quite leafless ; the new shoots and leaves, which are glossy, reddish 
brown or pale yellowish green, appear in March-April, and the old leaves fall 
soon after. The flowers appear with the young leaves, and the fruits ripen next 
cold season, hanging some time on the trees : the winged fruit is the usual 
double samara characteristic of maples in general. The tree is sometimes 
planted for ornament. It is easily raised from seed sown in beds about March, 
the seedlings being pricked out m the nursery during the first rains and 
transplanted either in the rains following or in the cold season. The seedlings 
bear transplanting well. It is unnecessary to prime the roots and stem except 
in the case of large plants : they survive the operation, but subsequent growth 
for a year or two is not so rapid as in the case of unpruned plants. The growth 
of young plants is fairly rapid. Plants raised at. Dehra Dun showed the 
following height-growth during the first four seasons: 

1st season . height 6-12 in. 

2nd season . . maximum height 3 ft. 6 in. 

3rd season . . maximum height 5 ft. 9 in. 

■1th season . . height 2 ft. 1 in. to 10 ft. 7 in. 

On stiff ground the plants develop badly ; good drainage and porous 
soil aic lequned to piomote the best, growth. Weeding also has a marked 
effect on the development of the seedlings and saplings. The tree coppices 
vigorously, the shoots growing rapidly. Gamble’s specimens showed the growth 
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small or moderate-sized tree of the western Himalaya in the Punjab 
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almost gregarious in hot dry situations associated with Quercus Ilex and 
Fraxinus xanlhoxylnides. In the Jhelum valley it descends below 2,000 ft. 
It is common on the banks df dry ravines at low elevations in the Hazara 
district. 

4. Acer caesium, Wall. Vern. Barakainju, irekhan, inandar, W. Him. 

A large tree, attaining a girth of 10 ft. or more : the largest maple of the 
western Himalaya. Leaves 5-lobed, broader than long, usually glaucous 
beneath. 

Distribution and habitat. Western Himalaya from Nepal westwards, 
chiefly at 7,000-10,000 ft. but occasionally descending to 4,000 and ascending 
to 12,000 ft. This is the commonest maple of the western Himalaya, and is 
very typical of grazing grounds and open glades, where it is often more or less 
gregarious (see Fig. 91). It is particularly common in the forests of the Galis 
in Hazara, where it is in many places the most abundant broad-leaved species ; 
here it is associated with Abies Pindrow , Pinus excelsa, Taxtts baccala, Aesculus 
. indica, Ulmus Wallichiana, Primus Paxhis, and other trees, and often occurs 
in gregarious patches. 

Leaf-shedding, flowering, and fruiting. The tree is leafless in the 
winter, the new leaves, which are red at first, appearing from March to May. 
The. flowers appear with the young leaves. The fruits ripen from July to 
October. The double samara (Fig. 93, a) is J -5 -2 in. or more in length. 

Germination (Fig. 93, b, c). Epigeous. The radicle emerges from the 
end of the samara opposite the wing and descends. The hypocotyl elongates, 
raising above ground the cotyledons enclosed in the samara ; the latter falls 
to the ground as the cotyledons unfold. 

The seedling (Fig, 93).' 

Boots : primary root at first moderately long, lengthening considerably 
later, terete, tapering, thick after the first season, at first wiry, afterwards 
becoming woody : lateral roots at first moderate in number and length, after¬ 
wards numerous, fibrous, distributed down the main root and most numerous 
towards its extremity. Iiypocotyl 1-2-2 in. long, fusiform or tapering upwards, 
glabrous, tender and green or red when young, later becoming woody and 
greenish brown. Cotyledons sub-sessile, 1-1-2-2 in. by 0-3-0-5 in., foliaceous, 
somewhat fleshy, oblong lanceolate or ovate lanceolate, acute, base tapering, 
entire, green, glabrous, darker above than beneath ; five parallel veins visible 
on under surface, the centre three more distinct than the outer two. Leaves 
simple, opposite, exstipulate. First pair, petiole 0-4-0-7 in. long, lamina 
1-2-3 in. by 0-6-1-8 in., ovate, acuminate, base cordate, serrate, lobes hardly 
commenced forming, glabrous, green above, glaucous beneath. Subsequent, 
leaves increasing in size and becoming more distinctly Iobed ; by second 
season regularly 5-lobed and palmately 5-veined ; by third season petiole up 
to 2 in. long, green or reddish, lamina up to 5 in. by 5 in., central lobe acuminate, 
remaining lobes acuminate or acute, serrate, glabrous, paler beneath than above. 

During the first two or three years the growth of the seedling amounts 
to only a few inches a year, but from tho fourth season onwards it is more rapid, 
the annual growth being up to 1 ft. or more. Seedlings four years old average 
about 2 ft. in height and have long stout taproots. For its best development 
the seedling requires a porous soil free from weed-growth. It stands moderate 
shade for a time, but once established it requires an abundance of light. On 
dry ground the seedlings tend to die of drought in the first season. 
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2. Aesculus pundnana, Wall. Syn. A. assamica, Griff. 

A tree of the Duars, Assam, and Burma, somewhat resembling A. indica. 
It is found in moist situations, especially along the banks of streams, and is 
jrery handsome with its dense spreading crown of rich green foliage, particularly 
' when cowered with the erect panicles of white flpwers, which appear in Febrtiary- 
March. 

4. SOHLEICHERA, Willd. 

Sehleichera trijuga, Willd. Vera. Kusam, Hind. ; Sagada , Kan. ; Pam, 
puvan, Tam.; Gyo, liurm. (Fig. 92.) 

A large deciduous (nearly evergreen) tree with H' fluted comparatively 
short trunk and a shady spreading crown. Leaves paripinnate with two to 
four pairs of leaflets 2-10 in. long. Bark grey, red inside, exfoliating in irregular 
plates. Wood very hard, reddish brown, used for oil and sugar mills, rice 
pounders, agricultural implements, and other purposes. The fruit is edible 
and the seeds yield an oil of some value. One of the chief uses of the tree is 
for the propagation of lac, the quality of which is considered better than that 
produced on any other tree. Silviculturally the tree is useful as affording 
shade and protection to the soil, since it puts out its young foliage early in 
the hot season and gives good shade during the hottest, time of the year : in 
the teak forests of Java it is on this account considered one of the best species 
to mix with the teak. ‘ 

Distribution and habitat. Sub-Himalayan tract from the Sutlej to 
Nepal, Chota Nagpur, Central India and the Peninsula generally, and through¬ 
out Burma ; apparently absent from Assam. The tree is typical of mixed 
deciduous forests, often of a somewhat dry type. In the sub-Himalayan 
tract and outer hills it is common on well-drained boulder deposits, often 
occurring in quantity along the sides of ravines or along the high banks marking 
the edges of terraces. It is common on the south side of the Siwalik range, 
often on the sides of ravines on sandstone or on boulder beds. In the Central 
Provinces it occurs scattered in mixed forest, chiefly near the hanks of streams : 
it is common in the Raipur district. In Burma it is common both in the upper 
mixed forests of the low hills and in the lower mixed forests of the plains, its 
spreading crown often taking up a considerable amount of room in the crop : in 
the lower mixed forests it grows on good alluvial loam. In general it thrives 
best on a light well-drained gravelly or loamy soil. In its natural habitat the 
absolute maximum shade temperature varies from 100“ to 118° F., the absolute 
minimum from 30° to 60“ F., and the normal rainfall from 30 to 100 in. or more. 

Leaf-shedding, ■ flowering, and fruiting. The old leaves begin to 
fall from December to February, turning golden yellow prior to falling, and the 
tree is leafless for a short time or hardly at all ; the new foliage, which is of 
various shades of red, turning light green and then dark green, appears in 
Jfarch-April. The racemes of greenish yellow flowers appear with the young 
leaves, some trees producing only male flowers. The fruits ripen in June-July, 
and quickly fall to the ground : they are globose or ovoid, 0-5-1 in. long by 
0-45-0-7 in. in diameter, abruptly tapering to a point, sometimes slightly 
echinate, toughly coriaceous when fresh, becoming hard and brittle on drying, 
one-celled and one- or two-seeded (Fig. 96, a). The seeds are 0-4-O-6 in. by 
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0-35-0 5 in., irregularly ellipsoidal, slightly compressed.-Very oily, with a thick 
brown testa, enveloped when fresh in a succulent arillus of pleasantly acid 
taste : about forty to fifty seeds weigh 1 oz. The seed does not retain its 
vitality long. 

Germination (Fig. 95, b-d). Epigeous. The shell of the fruit cracks or 
is eaten by white ants soon after falling, the testa of the seed bursts, and the 
radicle emerges. The hypocotyl arches slightly, soon straightening and raising 
the fleshy unequal cotyledons above ground ; the testa is sometimes left 
underground and sometimes carried up over the cotyledons, falling when 
these expand. o 

The seedling (Fi£>95). 

Roots : primary root very long, moderately thick, terete, tapering, wiry, 
becoming woody, brown : lateral roots numerous, short to moderately long, 
fibrous, distributed down main root. Hypocotyl distinct from the root, 1-2- 
2-2 in. long, elliptical .in section, fusiform or tapering slightly upwards, pink, 
tomentose in upper part, glabrescent in lower.- Cotyledons : petiole up to 
01 in. long, thick,' flattened above : laminae one. longer than the other, the 
apex of the former overlapping that of the latter during germination, the 
longer about 1 in. by 0-3 in., the shorter about 0-8 in. by 0-3 in., thick, fleshy, 
oblong, apex rounded, base sagittate or truncate, outer surface convex, inner 
concave, pale yellow or pink, glabrous. Stem erect, terete, green or pink, 
tomentose. Leaves compound, exstipulate, first pair or sometimes more than 
one pair opposite, subsequent leaves alternate, tender and usually pink to 
deep red when young, afterwards turning coriaceous and dark green. First 
pair 3-foliate, rarely 2-foliate; common petiole 0-5-0-7 in. long, terete, toment¬ 
ose ; terminal leaflet with petiolule 0-2 - 0-3 in. long, lamina 2-3-5 in. by 
0-5-1 in., elliptical lanceolate, acute or shortly acuminate, base acute, margins 
entire or wavy, glabrous above or puberulous when young, pubescent on veins 
of lower surface and round margins, venation arcuate ; lateral leaflets sub- 
sessile or very shortly petiolate, 1-8-2-8 in. by 0-4-0-9 in., unequally elliptical 
lanceolate, acute or shortly acuminate, base semicordate, margins &c. as in 
terminal leaflet. Subsequent leaves of first season normally 4-foliate, the 
rachis ending in a small bristle ; terminal pair of leaflets much larger than 
lateral pair, tile former up to 5 in., the latter up to 2 in. long. In the second 
year 5- or 6-foliate leaves are produced. 

During the first season the growth of the seedling is comparatively slow, 
a maximum height of 3 to 6 in. being attained by the end of the year. The 
•subsequent development depends largely on whether the plants are freed from 
weeds or not. In various experimental plots at Dehra Dim, by the end of the 
second season the heights attained were as follows : 

(1) Weeded irrigated plots . . 2|-28 in. 

(2) Unweeded irrigated plots .... 2-8 in. 

(3) Weeded unirrigated plots . . 3-13 ill. 

(4) Unweeded unirrigated plots . . 1^-5 in. 

By the end of the third season in unirrigated plots, irrigation having been 
abandoned, the height varied from 2 to 7 ft. where weeding was carried out, 
the plants being stout and vigorous, and was only 2 to 6 in. where weeding 
was not carried out. In northern India the growth of seedlings ceases for 
a time during the cold season ; the leaves fall in January-February and the 
red new shoots and young leaves appear in February-March. 
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Silvicultural Aaracters. ScMeichem. trijvga- is a shade-bearer and 
a hardy tree as regards both frost and drought. In the abnormal droughts 
of 1898-1900 in the Indian Peninsula, and of 1907-8 in Oudh. it was unaffected. 
Jn its earlier stages it is very subject to damage by grazing, as cattle eat the 
young leaves readily. It produces root-suckers freely. Its coppicing power 
though at times vigorous, appears to vary somewhat. Measurements m coppice 
coupes in the Rangoon division, Burma, showed an average of as many as 
14 shoots per stool : on the other hand, Mr. A. E. Osmaston records the fact 
that of five trees coppiced in Gorakhpur, United Provinces, in 1900-10 not 
one produced any coppice-shoots. Other figures are given below under ‘ rate 
of growth’. Measurements in 1910 by Mr. McCrie in (forakhpur showed 1 to 
:l shoots per stool in coupes one to sixteen years old, while Mr. H. A. Gass in 
(South Canara found as many as 18 shoots three years old on a stool. It pollards 
well, a fact which closely affects the cultivation of lac.. Trees producing good 
crops of lac are those with a full round crown and not those which have grown 
up in a crowded crop anddiave badly developed crowns. In order to prepare 
trees for lac cultivation the crop should he opened out to some extent around 
them, lanky trees with badly developed crowns being heavily pollarded to 
induce a full crown, and any badly developed lower branches being pruned 
off. In the Raipur district of the Centra) Provinces, where lac is cultivated 
on this tree, .two crops are obtained in the year, the kalki crop (Deceraber- 
.lanuary) and the balliri crop (duly-August) ; the former is usually the better. 
The quantity of lac produced per tree varies greatly with the size of the crown 
and the vigour of the shoots. An average of SO to 40 lb. per tree per annum 
for the two crops is ordinarily reckoned on : trees have been known to produce 
as much as 180 Il>. per annum. The yield of lac from Butm frondosa is con¬ 
siderably less. 

Natural rbi’roduotiox. The fruits fail towards the end of the hot 
season or in the beginning of the rains ; the pulp and shell of the fruit soon 
dry np, the latter cracking or becoming eaten by white ants and the seed 
being washed out by heavy rain. Under natural conditions germination and 
the establishment of the seedling appear to depend largely on the seed becoming 
quickly buried in earth and debris ; if this happens germination takes place 
not long after the fall of the fruit, but large quantities of seed perish when 
lying on the surface of the ground exposed to the sun. The subsequent 
development of the seedling, as already explained, depends on freedom from 
weed-growth. Much of the natural reproduction seen in the forest consists 
of root-suckers. 

Artificial reI’roiiuction'. Experiments carried out, at Debra Dim have 
shown that the transplanting of nursery-raised seedlings during the second 
rains is attended with a good deal of failure owing to the length of the taproot. 
Pruning t he root and stem has not yet been tried, but possibly this may result 
in greater success. Transplanting in the first rains is not to he recommended 
owing to the small size of the plants, and even at this stage the seedlings 
require great care in transplanting. Good results have been attained hv 
direct sowings in well-loosened soil, the. seeds being covered with earth : 
regular weeding for the first few years is essential. It is probable that line 
sowings in conjunction with the raising of field crops would prove successful. 
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Germination (Fig. 96, c-g). Epigeous. It commence!? by the splitting 
of the hard covering of the seed and the emergence of the radicle, winch grows 
rapidly downwards, the hypocotyl arching slightly until the fleshy cotyledons 
extricate themselves, after which the young shoot develops rapidly. 

The seedling (Fig. 96). 

Roots : primary root moderately long, thick, terete, tapering, whitish 
when young : lateral roots numerous, fibrous, distributed down main root. 
Hypocotyl distinct from and thicker than root, 1-2—1-6 in. long, thick, terete 
below, slightly compressed above, fusiform or tapering slightly upwards, 
green, glabrescent. Cotyledons : petiole under 0-1 in. long, thick, fleshy, 
flattened: lamina 0-8-1-2 in. by OA-O-o in., thick, fleshy, ovate lanceolate, 
acute, entire, pale yellow' at first, turning dark green. Stem erect, compressed, 
green, pubescent. Leaves compound, paripinnate or imparipinnate, exstipulate, 
first pair opposite, rarely alternate, subsequent leaves alternate. Eachis 
2-3 in. long in 'earliest leaves, longer m subsequent leaves, winged. Leaflets 
opposite or sub-opposite, usually tlnee pairs with a terminal leaflet in the first 
leaf, increasing later in first season to about five pairs with or without a terminal 
leaflet, 1-3 in. by 0-25-0-8 in., lanceolate, acuminate, entire, sub-coriaceous; 
young leaves finely pubescent, older leaves glabrous. 

Where weeding and watering are carried out the growth of the seedling 
is rapid, a height of 6-9 in. being reached by the end of the first season and 
a height "of 2-4 ft. by the end of the second season, by which time the taproot 
may attain a length of 2 ft. and a diameter of about 1 in. Where weeding 
and watering are not carried out the seedlings ordinarily reach a height of 
about 1-1$ ft. by the end of the second season. They continue growing till 
about November-December. The leaves turn yellow' and fall about December- 
January, the new leaves appearing in March. The seedlings stand frost fairly 
well. 

Artificial reproduction. Plants raised by direct sowings, with weeding 
and watering, show better development than transplants. Owing to the hard 
covering of the seed germination is somewhat slow : if sown in April the seed 
does not as a rule germinate for three or four months, and sometimes not 
until the following year. Germination is.said to be hastened by prolonged 
soaking in water or in moist cow-dung. If raised in seed-beds the seedlings 
may either be transplanted during the first rains without pruning, when they 
are a few inches high, or during the second rains ; in the latter case the long 
taproot should be pruned down to about 8 in. and the stem to about. 2 in. 
from ground-level. In either case the transplanting causes a decided check 
to the growth, and a certain amount of mortality may be expected. Propaga¬ 
tion by cuttings put in during the rains has been tried with success. 

2. Sapindus laurifolius, Vahl. Syn. S. emarghwiiis, Vahl; S. trijolial;ii-s : 
Linn. Soapnut. Vem. Ritlm, Mar. ; Konl.-udu, Tel. ; Pnngnn kottei, nitha- 
vanji, Tam. ; Aralah, Kan. 

A large tree of t.he Indian Peninsula, chiefly in southern India, much 
cultivated for the sake of its fruits, the pulp of which is largely used as soap. 
It flowers from October to December, and the fruits, consisting of two to three 
indeliiseent carpels (lS-0-7o in. long, with a saponaceous flesh, ripen from 
February to April. In southern India it is fairly common in open forests at 
low elevations, and in some localities t he fruits form an important article of 
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minor forest produce. Talbot says that it is distribute along the Western 
Ghats from the Konkan southwards in evergreen monsOTn forests, while the 
variety, emarginaiv-s is usually confined to the dry deciduous forests of the 
Deccan and Carnatic. 


ORDER XXI. AXACARDIACEAE 

This order contains several important forest trees, some fruit trees which 
are largely cultivated, and certain species which yield varnishes of commercial 
value': some species have acrid juice which raises blisters. 

Genera 1. Rhus, Linn.; 2. Pistacia, Linn.; 3. Semeoaetos, Linn.; 
4. Anagardjum, Rottb.; 5. MANGjDraBA,Linn.; fe. BouEA,Meissn.: 7. BtroHAS- 
akia, Roxb.; 8. Melanokbhoea. Wall.: 9. Odina, Roxb.; 10. Spondias, 
Linn. 

J. RHUS, Linn. 

This genus contains several species of shrubs or small trees, important 
mainly as undergrowth species. 

Species 1. B. succedanea, Linn.; 2. B. Cotinm, Linn.; 3. B. pvnjabvnsis, 
■I. L. Stewart; 4. B. parviflora, Roxb. 

1. Rhus snccedaiiea. Linn., the Japanese lacquer tree, grows scattered 
throughout the greater part of the Himalayan region at 2,000-8,000 ft. 

2. Rhus Cotinus. Linn., is found throughout the western Himalaya up 
to 6,000 ft.., chiefly as an undergrowth species in Pimts lovgifloUa forests. 

3. Rhus punjabcnsiS; J. L. Stewart, recognized by its large aromatic 
pinnate leaves, is found m the western Himalaya at 3.000-8.500 ft., usually 
in somewhat moist localities. 

4. Rhus parviflora, Roxb., is a gregarious shrub or small tree which grows 
on bare hot slopes in the western Himalaya at 2,000-5,000 ft. and in the 
Paclimarhi hills and other hills of the Indian Peninsula. It is a useful plant 
for reelothing bare and unstable Mil-sides, where, owing to its capacity for 
producing numerous root-suckers and its immunity from grazing, it often 
comes up in great profusion. Its trifoliate leaves give it somewhat the 
appearance of a Desmodium or of Ovgeinia daXbergioides, with which it is 
sometimes associated : the leaves, however, are rather stiffer than those of 
Desmodium and smaller than those of Ovgeinia- In the Himalaya the fruits 
ripen about June-July. when the trees are covered with the small orange-red 
drupes which dry before falling. 

2. PISTACIA. Linn. 

To this genus belongs the pistachio-nut tree. P. vera, Linn., a smalt tree 
of western Asia; the pistachio-nuts are imported into India from Afghanistan. 

Species 1. P. integerriwa, J. L. Stewart ; 2. P. mulica. Fisch. and Mey. 

i. Pistacia integerruna, J. L. Stewart. Vera. Kakrn, kakknr, kangar, 
W. Him. 

A moderate-sized deciduous tree with rough grey bark, viscous and 
aromatic when cut. Its pinnate leaves give it a superficial resemblance to 
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by its aromatic inncriiark, while its leaves are smaller and often fmparijrixmate, 
whereas the toon hW paripinnate leaves. The tree is scattered thfMghmt 
the weslern Himalaya up to 6,500 ft., often on dry hot slopes with shallow, 
soil. In the Punjab it is common on steep rocky ground in Pinna kmgifoUa 
forests, and is often associated with Acacia modeata and Oka cuspidata. It is 
cultivated successfully in gardens on the Punjab plains. The new leaves and 
flowers appear from March to May, and the fruit, an oblique drupe about 
0-25 in. in diameter, ripens from .June to October. The young leaves and 
inflorescences are red, and the trees are on this account vfery handsome in 
the spring. Mr. R. N. Parker says the seed is very frequently unfertile, 
probably' owing to the flowers being dioecious and to there being no male tree 
near the plant from which tbetSeed is collected. Natural regeneration appears 
chiefly under the protection of bushes, through which the saplings are capable 
of forcing their Way ; afterwards, however, the tree requires light and will 
not. stand suppression. The leaves are browsed by cattle and goats. According 
to Gamble the rate of growth is 8 to 9 rings per inch of radius, representing 


in girth in the silvicultural museum at Dehra Dun showed 96 rings, repre¬ 
senting a mean annual girth increment of 0-42 in. The wood, wlueh is beauti¬ 
fully mottled, is used for furniture and ornamental carvings, and the leaves 
arc lopped for buffalo and camel fodder. 

2. Pistacia inutica, Fisch. and Mey. Vem. Klmnjak, W. Him. 

A small often gregarious tree, common on dry stony hills in Baluchistan 
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to Be© coppice-shoots two or three years old freely bearin^ruits. The seedlings 
afe rather sensitive to frost, but have good power of recovery. The tree is 
moderate shade-bearer. It, coppices well. Coppice measurements made in 
1910 by Mr. C. M. McCrie in the Gorakhpur district, United Provinces, gave 
the following results for Semecarpm Anacardium as compared with sal : 

SemecarjHt. s Anacardinm : coppice measurements, Gorakhpur. 




Measurements in 1911 in the Gonda district showed mean heights of 3 ft. 
and 5 ft. for coppice-shoots one and two years old respectively. Measurements 
in Bhandara, Central Provinces, in 1912-13 showed an average height of 
4 ft. 9 in. for one-year-old coppice-shoots. As regards the rate of growth of 
• trees, periodic measurements in six sample plots in the Siwalik, Lansdowne, 
Ramnagar, and Gonda forest divisions of the United Provinces showed mean 
annual girth increments for periods varying from 0-10 to 0-59 in. 

4. ANACARDIUM, Rott-b. 

Anacardinm oceidentalc, Linn. Cashew-nut tree. Vern. Kaju, Mar. : 
Godarnbe, Kan. ; Kolla-mavu, Tam. 

A native of South America, this tree has become established in many 
parts of the Indian Peninsula, particularly near the sea-coast, where it is often 
gregarious. It thrives best in sandy places and is important ill the reclamation 
of sand-dunes. The flowers appear from December to April and the fruits 
ripen from March to June. It is used as an underwood in palmyra groves, 
and is best propagated by direct sowings. The wood is used Ibr boat-building 
and other purposes, but the tree is best known as furnishing the cashew-nuts, 
which are roasted and eaten. 

5. MANGIFERA, Linn. 

Mangifera indica, Linn. Mango. Vern. Am, Hind. ; Awtba, Mar. : Mad. 
Tam.; MamW, Tel.’; Man. Kan.'; Thayel. Burm. (Fig. 97.) 

A large evergreen tree with dark green coriaceous leaves and a dense 
rounded crown : hark thick, rough, dark grey. The mango tree is of great 
importance in India as a fruit tree and a shade tree for avenues and camping 
grounds. Its timber, which is not durable, is used for tea-boxes, packing-cases, 
planking, canoes, and other purposes. As a forest, tree it is not of much 
importance, being nowhere found in great, abundance. 

Distribution and habitat. Probably indigenous in Burma, Assam, the 
Western Ghats and iSatpuras, portions o( the sub-Hinialayan tract. Cliota 
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sometimes marking £hr sites of former villages anil sometimes sprang frivol 
seeds discarded l>v man. In it* natural state it affects ravines and other 
moist shailv places. It is extensively cultivated throughout the greater parte 
of India and Burma. 

Flowbrinu AND FRUITING. In southern India the flowers appear from 
January to March and the fruits ripen from April to July. In northern India 
flowering takes place from February to April, the fruit ripening in June-July. 
The small yellowish green flowers, in terminal panicles about 1 ft. long, are 
very strongly perfumed, but after maturing they lose theif sweet smell and 
their odour becomes rather objectionable. Cultivated mangoes show great 
variety in sine, shape, colour, and flavour : the wild fruits (Fig. 99, a) are 
about 2-4 in. long, without djlich flesh, but juicy and pleasantly flavoured. 
The seed, enclosed in a fibrous putamen, quickly loses its vitality, and requires 
to be sown soon after the fruit ripens. Abundant crops of fruit, are not 
produced every year, and in some localities are produced not more than once 
in lour or five years. Apparently climates which are too damp are unfavourable 
to the production of heavy crops at frequent intervals. 

Germination (Fig. 99, b-d). Hypogeous. The stout radicle emerges 
from the end of the seed, and tile broad fleshy cotyledonary petioles elongate, 
enabling the young shoot to emerge. The cotyledons remain within the 
fibrous putamen on or below the ground. 

The seedling (Fig. 99). 

Roots : primary root moderately long, stout, terete, tapering, dark brown 
or black : lateral roots numerous, moderately thick, dark brown or black, 
distributed down main root. Hypocotyl distinct from root, 0-2-0-5 in. long, 
surrounded by the united decurrent bases of the cotyledonary petioles, the 
whole thick, fleshy, red, yellow or green, glabrous, subterranean. Cotyledons 
subterranean : petiole (free portion) 0-4-0-5 in. long, 0-25-0-4 in. broad, 
flattened, fleshy, curved to side of stem, united at the base to form a hypo¬ 
cotyledonary tube surrounding the stem : lamina 1-3-2-5 in. by 0-9-1-3 in., 
thick, fleshy, obliquely ovate or reniform, outer surface convex, smooth, inner 
flattened with a longitudinal concave groove, white, pale yellow, pink or green. 
Stem erect, terete, dark red, green or greenish red, glabrous ; first internode, 
above the cotyledons, 8-12 in., subsequent internodes 01-1-2 in. long. Leaves 
simple, exstipulate, first one, two, or three pairs opposite or sub-opposite, or 
all leaves alternate. Petiole 0-3-0-6 in. long, grooved above, glabrous. Lamina 
3-5-6-5 in. by 11-2-2 in., oblong lanceolate, acuminate, entire, glabrous, 
delicate and usually coppery red-in young stages, coriaceous, dark green and 

The early growth of the seedling is rapid, a bare stem 8-12 in. long being 
formed a short time after germination ; at the top of this stem the foliage, 
leaves appear at fairly close intervals. By the end of the first season a height 
of 1 -1 j ft. is ordinarily attained if watering and weeding are carried out, 
while under similar conditions a height of 2| to 5 ft. may be attained by the 
end cf the second season and a height of 5 to 9 ft. by the end of the third 
season. In northern India the season’s growth ceases about November and 
new growth commences about March. The seedlings stand a fair amount of 
shade and resist slight frosts, but require protection where frost is at all severe. 

Silvicultural characters. The ma^igo tree is a ishade-bearer. It 

prefers a deep well-drained loamy soil and a moist warm climate : if cultivated 
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some having been entirely destroyed : in the abnormal drought of 1898-1800 
in tile Central Provinces the trees were likewise killed off in considerable 
numbers. Gamble says that in unsuitable places young mango trees suffer, 
from the sun, and that in southern India, as pointed out by Mr. Higgens in 
reference to Ouddapah topes, the bark on the western side often gets cracked 
by hot winds and dries up, when the white ants come and soon make a Berious 

Natural reproduction. The seeds germinate readily on the Burface of 
tiic ground at the commencement, of the rainy season, and the seedlings have 
little difficulty in establishing themselves, particularly if shaded to some extent 
from the sun ; ^the ground around mango trees may sometimes be found 
carpeted with seedlings up to 1 ft. high at the end of the first season. Where 
the young plants receive protection, as in bushes, hedges, &c., mango saplings 
often make their way through the cover in quantity, but if exposed to the 
sun they die off in large numbers during the dry season. 

Artificial reproduction. In India the best varieties of cultivated 
mango are propagated by grafting. In Burma, however, good varieties are 
frequently propagated successfully from seed. For growing in avenues or 
topes the trees are always raised from seed, either by sowing in situ or by 
transplanting nursery-raised plants ; the former method is to be recommended 
in preference to the latter. The pulp should be removed from the stone, and 
the latter should be sown as soon after ripening as possible in rich well-loosened 
soil. Nursery-raised plants can be transplanted without much difficulty during 
the first rains provided this is done fairly early, before the taproot has developed 
to any great extent ; it. is preferable, however, to raise the seedlings in baskets. 
During the first two or three years it is advisable to protect the young plants 
from frost and sun and also to water them in dry weather. 

6. BOUEA, Meissner. 

Bouea lmrmaniea. Griff. Syn. B. oppositifolia. Meissn. Vern. Miriam, 
Beng. ; Mayan, Burm. 

A moderate-sized handsome evergreen tree with a dense crown of shiny 
lanceolate leaves, indigenous in the Andamans and Tenasserim and probably 
in the Sundarbans ; much cultivated as a fruit tree in the moister parts of 
Burma. The fruit, which ripenqgtbout April-May, is a yellow drupe resembling, 
a miniature mango but somewhat inferior to it in flavour. The seeds do not 
retain their vitality long, and should be sown quite fresh. The tree is best 
propagated by sowing in situ or by raising plants in baskets : it requires 
a moist climate and situation. The growth is slow. 

7. BUCHANANIA, Roxb. 

Buchanania latifolia, Roxb. Syn. B. Lanzan, Spreng. Vern. Chiroli, 
pial, achar. Hind. : Char, Hind., Mar. ; Morli, sara, Tel.; Nurkal, Kan. ; 
Moral/!. Tam. ; Lonbo, Burm. 

A moderate-sized tree', almost evergreen, with a straight trunk ; bark 
dark grey or black, 0-5-0-8 in. thick, regularly divided intq small rectangular 
plates somewhat resembling crocodile hide, reddish inside. The wood is of 
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poor quality, but the tree is of some economic importance for the gum and 
edible fruits which it yields. Its silvicultural importance lies in its great 
abundance in certain common types of forest and its utility for clothing 
dry hills. 

Distribution and habitat. In deciduous forests throughout the greater 
part of India and Burma, except in the arid regions of north-western India. 
In the sub-Himalayan tract it occurs on the dry outer Himalayan and Siwalik 
slopes up to 3,000 ft. elevation, from the Sutlej to Nepal, very commonly 
mixed with the small-sized sal of these hills or with Aviogeissm latijolia and 
ex-tending at times into the lower limits of Pinus lonqifolia. It is also common 
in the drier types of sal forest'in the sub-Himalayan tract outside the hills 
and in the Indian Peninsula, where it is also abundant in mixed deciduous 
forests, particularly of the drier types. It is often found m abundance on 
clayey soil. In Burma it is characteristic of dry open forests and is particularly 
common in indaing forest on laterite soil, associated with Diplerocarpus tuber- 
eulatm, Pentacme suavis, Shorm oblusa, and Melanorrhoea usitata : it extends 
into the deciduous forests of the dry zone of Upper Burma. In Travaneore 
it is very common in all deciduous forests up to 4,000 ft. (Bourdillon). In its 
natural habitat the absolute maximum shade temperature varies from 105° to 
115° F., the absolute minimum from 30° to 55° F., and the normal rainfall 
from 30 to 85 in. 

Leaf-shedding, flowering, and fruiting. The tree is leafless or nearly 
so for a very short time during the hot season. The pyramidal panicles of 
small greenish white flowers appear from January to March and the fruits 
ripen from April to June. The fruit is an ovoid drupe about 0-5 in. long, black 
when ripe, with a hard two-valvcd stone 0-35--0-4 in. in diameter (Fig. 100, a) 
enclosing an oily seed ; about 100-120 stones weigh 1 oz. Tests carried out 
at Dehra Dun with seed stored in an air-tight tin for one year showed a fertility 
of 50 per cent. It was foimd, however, that seed exposed to the sun soon lost 
its vitality. Fresh seed was found to have a fertility of about 70 per cent. 

Germination (Fig. 100, b-e). Epigcous. It commences with the splitting 
of the fruit-stone into two equal valves, the radicle pushing its way through 
the. opening ; the hypocotyl arches slightly, withdrawing the fleshy cotyledons 
from the stone and raising them above ground, the valves of the stone remaining 
on or under the ground. 

" The seedling (Fig. 100). 

Pools : primary root long, thick, terete, tapering, somewhat delicate in 
texture for a time : lateral l oots moderate in number, fibrous, distributed 
down main root. Hypocotyl distinct from the root, 1-5-2 in. long, terete, 
tapering upwards, green, pubescent. Cotyledons : petiole 0-1 in. long or less, 
flattened above, pubescent: lamina 0-3-0'35 in. by 0-2-0-25 in., thick, fleshy, 
elliptical, apex rounded, base contracted, outer surface rounded, inner flattened, 
green, glahrons. Stem, erect, terete, pubescent; internodes 0-2-0-7 in. long. 
Leaves simple, exstipulatc, first pair or sometimes two pairs opposite, sub¬ 
sequent leaves alternate. Petiole 01-015 in. long, flattened above, pubescent. 
Lamina 1-5-2-8 in. long, ovate or elliptical, obtuse or acute, base ncute or 
rounded, entire, dark green above, paler beneath, glabrous above, pubescent 
on principal veins beneath and on margins, lateral veins 8-10 pairs, slightly 
impressed on upper surface. 

The development of the seedling is slow, even under favourable conditions. 
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By the end of the first season, even if regular weeding is carried out, the plants 
do not ordinarily attain a height of more than 3 in. Watering appears to have 
little effect on the growth, and during the first season the seedlings develop 
fairly well in a moderate growth of grass and weeds : subsequently, however, 
weeds tend to hamper their growth or to kill them out. If regular weeding 
is carried out maximum heights of 18 in. and 4| ft. may be attained by the 
end of the second and third seasons respectively, but on unweeded ground the 
growth is considerably slower. The seedlings are very sensitive to frost, 
particularly on grass-covered ground : they are also sensitive to drought and 
are subject to insect attacks. They require well-drained ground, as the roots 
tend to rot off in water-logged soil. 

Silvicultural characters. The tree is a moderate light-demander. 
It is very sensitive to frost, and somewhat sensitive to drought, having suffered 
considerably in the abnormal drought of 1899 and 1900 in the Central Provinces. 
It is not readily browsed. Silviculturally it is a useful tree for clothing dry 
hill-sides within its natural region. It avoids water-logged ground. It produces 
root-suckers and coppice-shoots, though its coppicing power varies. Mr. A. E. 
Osmaston 1 records that, in experiments in the Gorakhpur forests in 1909-10, 
of 26 trees coppiced only 4 per cent, of the stools produced shoots. These 
experiments were, however, conducted after abnormal seasons of drought 
which may have affected the vigour of the stools. Measurements in the same 
forests by Mr. C. M. MeCrie in 1910 showed an average varying from 1 to 
3-58 shoots per stool in coupes 1 to 16 years old. In the Gonda district, 
United Provinces, in 1911 I found the'average to be 2-2 and 1-5 shoots per 
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Measurements in six sample plots in the Lansdowne and Ramnagar 
forest divisions of the United Provinces showed mean annual girth increments 
varying from 0-07 to 0-56 in. In the Bhira range, Kheri, United Provinces, 
sample plot measurements showed periodical mean annual increments of 
0 o6 in. for two trees 2-3 ft. in girth, and 012 in. for one tree 3-4 ft. in girth. 
A cross-section 3 ft. 2 in. in girth in the silvicultural museum at Dehra Dun 
showed 43 rings, representing a mean annual girth increment of 0-88 in. 

As regards coppice, measurements made in 1910 by Mr. C. M. McCrie in 
Gorakhpur, United Provinces, gave the following results for Bmkamnia- lati¬ 
folia as compared with sal: 


Coppice measurements in Gonda, United Provinces, in 1911 showed a mean 
height of 4-2 and 5-5 ft. in coupes one and two years old respectively. 

8. MELANORRHOEA, Wall. 

Melauorrhoea usitata, Wall. Varnish tree of Burma. Vern. Thilsi, Burn). 

A large deciduous tree with a straight clean cylindrical bole and a spreading 
crown of dark green leaves. Bark thin, dark grey, exfoliating in small angular 
flakes. Wood dark red, very hard, used for tool-handles, ploughs, building, &c. 
The chief importance of the tree lies in the varnish obtained from incisions 
made in the hark and used in Burmese lacquer work. In most parts of Burma 
the tree, attains a height of 50-60 ft. and a girth up to 9 ft. A tree 14 ft. 6 in. 
in girth «has been measured in the Katha district of Upper Burma, but this 
is exceptional. 

.Distribution and habitat. This is one of the most, characteristic trees 
of the induing (dry dipterocarp) forests of Burma on laterite soil, where it 









is tender to frost and suffered much in northern India in the severe frost of 
L905. In the .abnormal drought of 1907 and 1908 in Oudli it proved to he 
decidedly hardy, and it was only slightly affected in the excessive drought of 
1899 and 1900m the Deccan. It resists fire well. The leaves and young shoots 
are readily browsed by cattle and goat^ It pollards fairly well and produces 
root-suckers. Its coppicing power varies. Mr. A. K. Osmaston 1 notes that, 
in experiments in the Gorakhpur forests in 1909-10. of 18 trees felled none 
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produced coppice-shoots ; these experiments, however, were carried out after 
abnormal years of drought, which may have affected the vitality of the stools. 
Measurements by Mr. V. M. McCrie in the same forests in 1910 showed an 
average of 3, 2, J, and 1 shoots per stool in the case of coppice 5, 7, 13, and 15 
years old respectively, while measurements by me in the Tikri forest, Gonda, 
United Provinces, in Hill, showed an average of two shoots per stool in one- 
year-old coppice. 

Artificial reproduction.- The tree grows well from seed or from 
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10. SPONDIAS, Linn. 

Spondias mangifera, Willd. Hog plum. Vem. Anna, ambara, Hind. ; 
Ambatla, Mar. ; Aniate, Kan. ; Ambalam. Tam. ; Owe, Burm. 

A moderate-sized to large deciduous tree with compound imparipinnate 
fragrant leaves 12-18 in. long. Bark thick, smooth, grey, aromatic, inside 
pmk streaked with lighter pink. Wood soft and of poor quality : the tree 
yields a tasteless gum and the fruits are pickled. A characteristic Indian 

Distribution and habitat. Throughout the greater part of India and 
Burma in deciduous, often dry fore^. Throughout the sub-Himalayan tract, 
in Bengal, Assam, Chota Nagpur, the Indian Peninsula generally, Burma, and 
the Andamans. Although widely distributed it is nqwbere abundant or 
gregarious. In its natural habitat the absolute maximum shade temperature 
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varies from 100° to 118° F., the absolute minimum from 30° 1o 60° F., and the 
normal rainfall from 30 to 150 in. or more. 

Leaf-shedding, flowering, and fruiting. The tree is leafless longer 
than almost any other forest tree of India. The leaves fall in Novemher- 
December, sometimes earliej-, and the tree remains leafless until April-May or 
even later. The inflorescences of whitish flowers cover the leafless trees about 
March -April, and at that time the trees are a conspicuous sight. The fruits 
form during the .Tains and commence to ripen in December, continuing to 
ripen and fall until February or March. The trees at this time are easily 
recognized by the pendulous clusters of drupes. The drupes are 1 -5—2 in. 
long, ellipsoidal, yellow when ripe, smooth, fleshy, with a hard somewhat 
fibrous stone furrowed and pitted on the surface ; the stone (Fig. 102, a) is 
2- to 5-celled, sometimes 6-celled, with 1-3 fertile seeds. The fruits arc greedily 
eaten by deer, pigs, monkeys, squirrels, and other animals, and the large hare 
stones with the flesh removed may he found scattered about the forest from 
the,time the fruit ripens onwards. Small heaps of these stones are continually 
met with in places where deer have lain ruminating and bringing them up. 
The seed of stones collected from these heaps has been found to germinate 
well. About 70-130 stones weigh 1 lb. Tests carried out at Debra Dun 
showed that a proportion of the seeds retained their vitality for one year,namely 
60 seeds per 100 stones as against 130 seeds in the case of fresh stones; another 
sample kept for a similar period failed to germinate. 

Germination (Fig. 102, b-d). Epigeous. The radicle and plumule 
emerge almost simultaneously through a hole near one end of the fruit-stone, 
the testa remaining within the stone. The hypocotyl arches during germina¬ 
tion, soon straightening : there is a distinct kink or elbow at its base owing 
to the efforts of the seedling to emerge from the stone. From one to three 
seedlings may emerge from the same stone, so that the seedlings are sometimes 
found in groups of two or three. 

The seedling (Fig. 102). 

Soots : primary root moderately long, at first thin, soon becoming thick 
and somewhat fleshy, terete, tapering, whitish, tomentose : lateral roots 
numerous, long, fibrous, tomentose, distributed down main root. Hypocotyl 
distinct from root, 1-5-3 in. long, terete, tapering slightly upwards, with 
a distinct bend at the base, fleshy, green, glabrous, arched during germination. 
Cotyledons sessile, l-2-l-o m. by 0-3 in., somewhat fleshy, linear lanceolate, 
acute, entire, green, glabrous, obscurely parallel veined on lower surface. 
Stem, erect, terete or slightly grooved, glabrous ; jnteimodes 0-4-1-2 in. long. 
Leaves compound, exstipulate. first pair opposite or sub-opposite, subsequent 
leaves alternate. First pair 3-fohate, common petiole 0-4-1-2 in. long. Sub¬ 
sequent leaves imparipmnate. usually 5- or 7-foliate in first season : racliis 
0-8-4 in. in first season, often reddish : leaflets shortly pctiolatc, 1-3-5 in. by 
0-5-1-3 in., elliptical oblong, acuminate, serrate or entire, glabrous. 

During the first year or two the seedlings show moderately fast develop¬ 
ment under natural conditions, that is, where no weeding and watering is 
done ; subsequently they develop more rapidly. They are capable of establish¬ 
ing themselves in grass and moderate weed-growth, but weeding greatly 
stimulates their growth. The maximum height of seedlings raised at Debra 
Dun, and not watered, was as follows : 

(1) End of first season 7 in., both weeded and tuiweeded ; (2) end of 
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second season 21 in. unweeded, 34 in. weeded ; (3) end of third season 5 ft. 10 in. 
unweeded,9ft. 2in. weeded; (4) end of fourth season 6 ft. unweeded, 12 ft. 9in. 
(girth 7 in.) weeded. Where two or three seedlings emerge from one fruit 
one eventually takes the lead, suppressing the others. In northern India the. 
season’s growth ceases about Octobfer-November, and new growth commences 
in March—April; the seedlings are leafless from December to March-April. 
The seedlings are somewhat frost-tender, but have good power of recovery 
from the base : they are also sensitive to drought in the first year or two. 
Rats are occasionally destructive to them, gnawing through the taproot and 
killing them. 

Silvicultural characters. Tiie tree is a decided light-demander. It 
is sensitive to frost, and suffered much in northern India in the abnormal frost 
of 1905. It coppices, but is not known to produce root-suckers. 

Natural reproduction. The fruit-stones, from which the fleshy cover¬ 
ing has usually been stripped by animals, lie on the ground from the time 
the,fruits fall in the cold season until the rains, when germination takes place. 
If the stones are lying on the surface of the ground at the time of germination 
the radicle is very apt to dry up or to become eaten by birds or insects before 
it reaches the soil. Many stones, however, become covered with earth and 
debris during the months in which they lie on the ground, and particularly 
during the early showers preceding the monsoon rains : this promotes success¬ 
ful germination, which is still further ensured by the fact that many fruits 
do not germinate until the second rains, and thus have every opportunity of 
becoming covered with earth during the long period in which they lie on the 
ground. For the establishment of natural reproduction, abundance of light is 
necessary. 

Artificial reproduction. The tree can be propagated from cuttings or 
from seed. In the latter case direct sowings give better results than trans¬ 
planting, provided the fruit-stones are covered with earth. Nursery-raised 
seedlings should be transplanted when about 3 in. high during the first rains, 
but considerable care is necessary to retain earth round the roots and to avoid 
exposing them. More success is attained by transplanting seedlings raised in 
baskets. 

Rate OF orowth. The rate of growth is known to be fairly rajfid, though 
detailed measurements are not available. A cross-section 2 ft. 61 in. in girth 
in the silvicultural museum at Debra Dun showed 22 rings, representing 
a mean annual girth increment of 1-4 in. 

' ORDER XXII. M OR IN GAGE AE 
MORINGA, Dam. 

Moringa pterygosperma, Gaertn. Syn. M. oleifera, Lam. Horse-iadish 
tree. Vem. Sanjna, sohanjna , Hind. : Shevr/i, Mar. ; Nvggi, Kan.; Moringa. 
Tam.: Danthalun, Burm. 

A small to moderate-sized tree with thick soft grey corky deeply' fissured 
bark and elegant feathery foliage of large tripinnatc leaves. The wood is soft 
and useless, but the fruit is used as a vegetable, the brandies are much lopped 
for fodder, especially for camels, and the inner bark, and more pari icularly 
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tlic roots, are used as a substitute for horse-radish, which they resemble in 
flavour. The seeds yield an oil of fine quality similar to the hen oil of watch¬ 
makers, which is the produce of M. aptera, Gaertn., an African tree. The 
cultivation of M. pt-erygosperma for the sake of this oil has been recommended. 
The tree is indigenous in the sub-Himalayan tract from the Ghenab to the 
iSarda, and in Oudh, growing plentifully on recent alluvial land in or near the 
sandy or shingly beds of rivers and streams. In its natural habitat the absolute 
maximum shade temperature varies from 110° to 1 18° F., the absolute minimum 
from 30° to 37° F., and the normal rainfall from 30 to 85 in. It is cultivated 
in many parts of India. The leaves turn yellow and fall in December-January, 
the leaflets falling separately, and the new foliage appears about February- 
March. The fragrant handsome white flowers, in numerous- panicles near the 
ends of the branches, appear from January to March, and the fruits ripen 
from April to June. The fruit is a pendulous ribbed pod-like capsule,' 9-20 in. 
long, with numerous three-cornered seeds winged afc the angles. The trees can 
be raised either from seed or from large cuttings, the latter striking wg)l if 
watered sufficiently. It coppices and pollards vigorously. 

ORDER XXIII. LEGUMINOSAE 

Includes sub-orders I. Papilioxaceae, II. Caesaepinieae, III. Mimoseae. 

This order is, numerically speaking, by far the most important one in 
Indian silviculture, containing as it does a much larger number of important 
trees than any other order. In addition to trees, it includes numerous shrubs 
of the undergrowth or of open places, some useful for clothing barren ground, 
such as Cassia aurioulata, Acacia spp., Dichrostachys cinerea, &og or bare 
hill-sides, for example Desmodium, Indigofera, &c.; others of a scrambling or 
scan dent nature, impeding forest growth. Many of the large climbers, which 
require to be cut periodically m the interests of tree growth, belong to this 
order : some of the best known of these are Millettia auriculata, M. racemosa, 
and other species ci-Millettia-, Spalholobus Roxburghii, Butea superha, Mucurm 
macrocarpa, Derris scandens, Bauhinia Vahlii and several other species of 
Bauhinia-, Entada scandens, Acacia pennata-, and other scandent acacias. 

Many species are cultivated for the sake of their ornamental flowers, for 
example Amherst,m nobihs , one of the most beautiful flowering trees in the 
world, Poincia-na regia, P. elata, Saraca indirn, Cassia Fistula, C. renigera, 
C. nodosa, and many others. Many yield economic products of value, such 
as tans furnished by Caesaipinia digyna andiC. Canaria (pods), Cassia auricu¬ 
lata (bark), Acacia-arabica (bark and pods), A. levcophloea (bark), and A. Catechu 
(cutch extract from the heartwood), gums yielded by Acacia Senegal, A. a-rabica, 
A. modes/a, Bauhinia retusa, Pterocarpus Marsu-piym (gum-kino), and Butea 
frondosa, bast-fibres, drugs, and other products. 

Among such a large number of genera and species the silvicultural characters 
vary considerably, though some of these characters are common to a good 
many. Perhaps one of the most marked characteristics is the effect of soil- 
aeration on the development of young plants. In the. descriptions of the 
seedlings of the various species many examples will be found of the marked 
growth obtained on ground kept well weeded and loosened, as compared with 
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the growth on ground not weeded and loosened : this is true of plants in 
general, but it- is perhaps nowhere so well marked as in the case of the Legu- 
minosae, a fact which may possibly be due. in part at least, to the effect of 
aeration on the nitrogen-fixing nodules found on the roots of many of the 

The pods and their dehiscence, and the spread and germination of the 
seed, are of considerable interest. Among pods which are indehiscent even 
during germination are those of Dalbergia spp., in which the young plant 
breaks through the pod valves. The pods of CaSssia Fistula, as far as 
can be ascertained, require the aid of animals to liberate the seeds. In 
the case of Acacia arabica pods, although the seed is usually scattered by 
animal agency the pods may otherwise lie on the ground until the valves rot, 
the seed escaping in this wav. In Butea frondosa, Pongamia glabra, Ougeinia 
dalbergioides, Pterocarpus spp., and Hardwickia binata dehiscence, which may 
be only partial, takes place during germination ; in the first two species 
germination is liypogcous, the cotyledons remaining within the pod or some¬ 
times escaping from it. while in the remainder germination is epigeous and the 
pod valves arc. always thrown off before germination is completed. Of pods 
which dehisce tardily, and as a rule after falling, may be mentioned those of 
Acacia Farne-siana and of several species of A Ihizzia ; the pods of the latter 
are flat and thin, and can be blown some distance by the wijid, the seed being 
thus disseminated. Pods which dehisce on the tree before or about the time 
of falling^ nmy be of two types : (1) those in which the seeds cling by means 
of a tenacious funicle to the pod valves, which in many cases are light and are 
easily carried by wind, the seeds being thus scattered to some distance from 
the tree, for example liobinio Pseudacacia, Acacia Catechu, and A. Melanoxylon ; 
(2) those from which the seed falls out during or not long after dehiscence, and 
is in some eases ejected and scattered by the sudden opening of a pod with 
woody elastic valves, for example Xylia and some species of Bauhinia. 

Among light or flat pods, in some cases winged, which are adapted for 
disseminating the seed by wind, may be mentioned those of Pterocarpus spp. 
(winged), Hardwickia binata (winged), Butea frondosa (winged), some species 
of Dalbergia, Ougeinia dalbergioides, Iiobinia Pseudocode, and Acacia Catechu. 

Some pods form rapidly and fall not long alter the flowering, for example 
those of Butea frondosa. Ougemvi dalherqimdes. Erythema spp.. Bauhinia 
mriegata, B. purpurea, B. retusa, and B. walabarica. Others form rapidly 
and soon reach full size, but do not ripen for some time, and in some cases 
may hang long on the tree, for example those of Dalbergia Sissoo, Pterocarpus 
spp., Hardwickia binata, iiobinia Pscndacacia, and Albicda spp. A certain 
proportion of the pods are blown down during strong winds, dissemination of 
the seed being thus ensured, while iff many cases the pods are scattered at 
various times and do not fall at, once, a fact which will often ensure at least 
a certain proportion of the seed-crop falling under conditions favourable for 

The seeds of many leguminous species retain (heir vitality for some time, 
some hard seeds of acacias being known to remain fertile for several years. 
■Many germinate very readily with sufficient, moisture, but among these 
germination is frequently delayed until the second or even the third year. 
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particularly in the ease of seed lying in the shade where the temperature is 
insufficient to stimulate activity ; this is seen in Cassia Fistula, Bankinia 
malabarica. B. racemosa. Prosopis spicigera. Acacia arabica, Albizzia Lebbek, 
A. stipvlata, and A. procera. Some seeds germinate tardily owing to the exist¬ 
ence of an impervious layer in the testa, and various measures have been 
suggested m order to hasten germination, for example burying the seeds for 
some time in moist manure, or soaking them for a short time in alcohol and 
then placing them for a time in water, the alcohol penetrating the impervious 
layer and' the water subsequently penetrating it owing to the readiness with 
which it mixes with the alcohol, or cutting through the impervious layer with 
the smallest possible cut of a knife or file (see under Caesalpinia digym) : 
in the case of seeds of Cassia Fistula boiling them for about five minutes before 
sowing is reported to have given very good results. 1 

In the descriptions of the various species dealt with below it will be seen 
that in the case of most species covering the seed with soil has a marked 
influence on successful germination. Seeds which germinate on the surface 
of the ground are liable to rot in damp localities, to dry up in dry weather, 
or to have their radicles destroyed by birds or insects, whereas seeds which 
have become covered with soil escape destruction from these causes. This 
explains to some extent the success with which reproduction of many species 
establishes itself on loose bare ground, where much of the seed becomes covered 
with earth or sand during the early showers preceding the monsoon. 

As regards tile artificial propagation of leguminous trees, a niarkgd feature 
is the superiority of direct sowing over transplanting, and the superiority of 
line sowings over other forms of sowing because of the facility with which 
weeding and loosening of the soil can be carried out. Most species transplant 
with difficulty for forest purposes. Some can be transplanted with success 
after pruning down the stem and cutting off a portion of the taproot, whereas' 
intact plants are very difficult to transplant ; this is notably the case with 
Dalbergia. Bissoo. Others cannot stand any pruning of the taproot, for example 
Acacia Catechu and A. arabica ; transplanting of such species is particularly 
difficult. Butea frondosa, Albizzia Lebbek, A. stipvlata, and A. prbeera can be 
transplanted either intact or after priming the stem and root, though the 
latter method is preferable. Some species can be propagated by cuttings, for 
example Erythnna. Bobima, Pongarma glabra, Adenanthera pavomna. and 
others. Amherst,ia nobilis is usually propagated by layers. 

Some leguminous trees produce root-suckers rarely or not at all, whereas 
others produce them with great freedom ; among the latter are Bobinia 
P-seudacacia, Butea frondosa, Ougeinia dalblrgioides, Dalbergia Sissoo, D. lati- 
fcilia, Diehrostachys cinerea, Acacia dealbata, A. decurrens, Albizzia lucida, 
A. mollis, A. odoratissima, and many others. 

Sob-Order I. PAPILIONACEAE 

Genera 1. Ougeinia, Benth.; 2. Botea, Roxb.; 3. Erythrina, Linn.; 
4. Pterocarpus, Linn.; 5. Dalbergia, linn. f.; 6. Pongamia, Vent.; 
7. Robinia, Linn. 
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1. OUGEINIA, Benth. 

Oligemia dalbergioides, Benth. Syn. Dalbergia ouge.int.nsis, Boxb. Vern. 
Soudan, chanjan, tinea, Unas, pdnan, Hind. ; Tiwas, Mar. 

A small to moderate-sized deciduous tree, often with a crooked stem. 
Leaves pinnately trifoliate. Crown full and rounded in well-developed trees. 
Bark up to 0-5 in. thick, ashy-grey or light brown with regular longitudinal 
and horizontal cracks, exuding a red gum when cut. The following are the 
average results of a number of measurements of bark thickness made in the 
Tirsal forest, Dehra Dun : 


Wood, hard, close grained, strong and durable, much in request, for agri¬ 
cultural implements, wheel-work, house-posts, and other purposes. In 
exceptional-cases the tree attains a girth of 7 ft. and a height of 60 ft., but 
ordinarily it does not. grow in any quantity to more than 4J ft. in girth and 
30-40 ft. in height. 

Distribution and habitat. The sub-Himalayan tract and outer Hima¬ 
layan valleys and slopes up to 5,000 ft., from the Punjab to Bhutan, Cliota 
Nagpur, Central India, Orissa and the Circars, the Central Provinces, and 
Bombay. The tree occurs in parts of the Marwar state of Bajputana, but is 
of small size and is not abundant. 

In the Peninsula it is found in mixed deciduous forest, where it is some¬ 
times abundant and almost gregarious. In parts of the Central Provinces it 
reaches very fair dimensions with a straight clean bole. It is by no means 
exacting as to soil, and is found on a variety of geological formations, including 
shale, gneiss, trap, lateritc, sandstone, quartzite, &c., and on a variety of soils, 
including black cotton soil, red clay, and gravel or boulder deposits, and will 
thrive on very poor ground, where, however, it does not attain large dimen¬ 
sions : on alluvial loam it attains a comparatively large size. It is very charac¬ 
teristic of landslips, banks, the sides of ravines, and other exposed places. 
In the Peninsula some of its more typical companions are Terminalia tomcntosa, 
T. behrica, Anogeissns lalifolia, Lagerstroemia parviflora, Buclmmama htifolia, 
Butea frondosa, Phyllanthus Emblica, Plerocarpus Marsupium, Dalbergia 
latifolia, Xylia xylocarpa, and teak. In the sub-Himalayan tract and outer 
Mils it is often found associated with the first seven of the foregoing species 
and also with sal, Bauhinia. spp., and at higher elevations with Pimm longi- 

it ascends higher than most plains species, but at the higher elevations it is 
of small size. In its natural habitat the absolute maximum shade temperature 
varies from 100° to 115° E., the absolute minimum from 30° (sometimes less) 
to 45° F., and the normal rainfall from 35 (rarely less) to 70 in. 

Leaf-shedding, flowering, and fruiting. The old leaves arc shed in 
■January-February, turning yellow before falling, and the new leaves appear 
in Mareh-April. The lilac or whitish flowers, in fascicled racemes, appear in 
February-March, and in the flowering season the trees are a conspicuous and 
beautiful sight. The pods (Fig. 103, a) form quickly, and ripen in May-June : 
they are 2-4 in. by 0-3 in., flat., jointed, light brown, with 2-5 seeds. The seeds 
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early stages. Once it is established, however, it requires full overhead light 
for its best development. Although in early youth it is tender both to drought 
and to frost, it is. afterwards hardy. In the abnormal drought of 1907 and 
1908 in the forests of Oudh it proved to be decidedly hardy, as it did also in 
the severe frost of 1905 in northern India. It is much subject to browsing by 
cattle and deer. It coppices well and produces root-suckers in great abun¬ 
dance, particularly along steep banks and on hill-sides, where suckers may be 
seen issuing even from the joints on the sides of cliffs ; on this account it is 
a useful tree for clothing unstable hill-sides., It suffers considerably from fire, 
and .responds readily to fire-protection. As already mentioned, it is not 
exacting a-s regards soil, and will groV on decidedly poor ground. The root- 
system of the tree is characteristic : in addition to a taproot wliich is often 
twisted and branched, with numerous lateral rootlets for purposes of nutrition, 
* there are superficial roots, often of great length and considerable thickness, 
spreading along or near the surface of the ground ; roots of the former type 
have no buds, but those of the latter type, which are for propagation purposes, 
have numerous buds from wliich root-suckers are produced. 

Natural reproduction. Under natural conditions the flat light pods 
are carried by wind to some distance from the tree immediately before and at 
the commencement of the monsoon, and germination takes place early in the 
rains. The seed germinates and the seedlings establish themselves best, on 
bare loose ground, and for this reason profuse natural seedling reproduction 
often appears along the sides of roads, on ground exposed by landslips, and on 
cultivated ground even while the fields are still under cultivation. In the 
outer Himalaya and also in the Peninsula the sites of former fields are some¬ 
times marked by dense crops of Ougeinia , which is one of the first species to 
make its appearance. Observations in experimental plots have shown (1) that 
on hard bare ground, where tile seed germinates on the surface, great mortality 
occurs through drought, the radicles drying up before they can penetrate the 
soil; this is particularly the case in open places exposed to the sun ; (2) that 
seed falling among weeds and grass, if these are at all dense, tends to rot 
before or during germination, and natural reproduction thus fails ; ill sunny 
places where the growth of weeds or grass is sufficiently scanty, these may he 
beneficial in affording protection from the sun ; (3) that slight or moderate, 
shade favours the-germination and development of the seedlings by protecting 
them from the sun, but dense shade kills them off. As already mentioned, 
root-suckers form a very important means of reproduction, particularly on 
lull-sides and other places where the roots are exposed. Much of the repro¬ 
duction found on deserted fields after temporary cultivation consists of root- 
suckers, probably from original seedlings which appear when the fields are 
under cultivation and survive the weeding and cutting hack, wliich is often not 

In the forest pure natural crops of great density are often met with, 
sometimes under the light shade of other trees and sometimes in gaps in the 
forest, crop. In the Tirsal forest, Dehra Hun, a dense muss of reproduction up 
to 4 ft. high in an area overrun by fire two years previously, and thus con¬ 
sisting of shoots two years old, contained 415 stems on an area of 318 square ft., 
or 56,800 per acre. 'Three years later flic number of stems had been reduced 
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in the struggle for existence to 230, or about 31,500 per acre. Another plot 
in the same forest, estimated to be fifteen years old, contained about 11,600 
stems per acre ; the average height and girth were 16 ft. and 6-4 in. respec¬ 
tively. 

ARimciAt, RF.FRonucrioN. Various experiments have been carried out 
at Dehra Dun in the artificial propagation of this tree. It was found that 
reproduction by stem cuttings gave indifferent results, while planting root 
cuttings was quite successful, a considerable proportion sending up suckers ; 
the thicker root cuttings were found to produce more vigorous shoots than the 
thinner ones. As regards reproduction by seed, the best results were obtained 
by line sowings with regular weeding, 1 lb. of pods being required for 300 ft. 
of line. These sowings, carried out with the aid of field crops, proved very 
successful. The whole ground was ploughed up, the pods being sown shortly 
before the break of the monsoon in lines 10 ft. apart; the lines were kept O 
clear of field crops to a width of 2 ft., the crops being sown in the spaces, 

8 ft. wide; between the lines. The crop employed was the lesser millet or 
mandvia (Eleusine coracana ), which was found to give such dense cover as to 
suppress the seedlings if sown continuously over the area. The crops may be 
cultivated for one, two, or even three seasons, and while the area is under 
cultivation the lines of seedlings are weeded by the cultivator. Ordinary line 
sowings without field crops on lines well ploughed to a width of If ft. also 
proved successful, provided regular weeding was carried out. 

Transplanting from the nursery has also proved moderately successful, 
provided young plants are used before they have developed long taproots. 
The pods should be sown in the nursery in May or early June in drills 9 in. 
apart and lightly covered with earth, the beds being regularly watered : the 
seedlings should he transplanted early in the rains, while still only a few inches 
high. Direct sowing, however, is so much more successful than transplanting 
that the latter is not to be recommended on a large scale. 

Rate oe growth. It is impossible to ascertain the rate of growth from 
annual rings as these are not distinct. Sample plot measurements indicate 
a comparatively slow rate of growth. In the United Provinces measurements 
in nine sample plots in four forest divisions gave the following results : 


Ougeinin dalbergioide s : measurements in high forest sample plots. 
United Provinces. 



As regards coppice, measurements made in 1910 by Mr. C. M. McCrie in 







the bark hardens into a red astringent gum known as ‘ Bengal kino ’, used in 
medicine. Silviculturally the tree is of importance as being one of the com¬ 
monest trees of the plains of India, and as being capable of thriving on saline 
soils and badly drained ground whore most species will not grows 

Distribution axd habitat. Common throughout the greater part of 
India and Burma, ascending the outer Himalaya to about 3,000 ft. or occasion¬ 
ally higher, the Khandesh Akrani to 3,700 ft. (Talbot), and the hills of southern 
India to 4,000 ft.: rare or absent in the most arid regions. The tree is very 
typical of open grass-lands, where it is frequently gregarious, as in the tarai 
country of northern India. It grows in water-logged situations, on black cotton 
soil, and even on saline soil. It is a characteristic tree on the plains of India, 
















less some means of preventing their 
l with great success by line sowings, 
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slow. Measurements in different coppice coupes near Dehta Dun recorded 
by Mr. A. E. Broun in 1886 gave the following results in the case of Butea 
ns compared with sal in the same coupes : 



The locality in question is subject to severe frost, which may account for 
the small size of the shoots in the ten-years coupe if the shoots had been killed 
back at some period. 

The girth increments of trees are exhibited in the following records of 
periodical measurements in sample plots in the United Provinces: 


Butea frondosa : rate of growth of trees, United Provinces. 



Under favourable conditions seedlings and saplings grow rapidly, and it 
is probable that tended plantations would show a very fair rate of growth 
for some years at least. In irrigated and unirrigated line sowings at Dehra 
Dun dominant plants seven years old had attained the following girths : 

Irrigated. Unirrigated. 


3. ERYTHRINA, Linn. 

This genus comprises seven Indian species with large trifoliate leaves 
and bright red flowers which in most cases appear in the early part of the hot 
season when the trees are leafless. Of -the Indian species all are trees except 
E. resupinala ., Roxb., a dwarf herbaceous species with a perennial root-stock 
from which are sent up annually racemes of scarlet flowers in the hot season, 
the leafy shoots appearing subsequently and dying down after the rainy 
season this interesting plant occurs in the annually burnt grass-lands of the 
sub-Himalayan tract, and the flowers are.oonspieuous on the ground after the 
annual fires have overrun these savannah lands. 

The tree species have light soft whitish woods which are used for sieve- 
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frames, scabbards, domestic utensils, and other purposes. Silvieulturally 
they are interesting from the readiness with which they grow from, cuttings, 
fairly large branches if stuck in the ground taking root and growing rapidly : 
these cuttings are grown sometimes for live fences and often for supporting 
betel vines. Some of the species are planted for ornament. 

» Species 1. E. tmberom, Roxb.; 2. E.ind tea, Lam. 

1. Erythrina suberosa, Roxb. Vem. Pangra, dhavldhah, Hind. ; Kathit, 

A moderate-sized to large deciduous tree with thick corky light grey 
bark, armed with conical prickles. The tree is scattered in dry forests through¬ 
out India and Burma. The trees are leafless as a rule from December to June. 
The scarlet flowers appear from March to May on the leafless trees, and the 
pods ripen about June-july. The seedling forms a long very thick taproot, 
as much as 1 in. in diameter in the first season, like that of Bulea frondosa. 
The tree coppices and pollards vigorously, thick prickle-covered shoots being 
produced; it also grows readily from cuttings. The growth is rapid; a cross- 
section in the silvicultural museum at Dehra Dun showed 42 rings for a girth 
of 5 ft. 3 in., giving a mean annual girth increment of 1-5in. Gambled specimens 
showed 4 rings per inch of radius, representing a mean annual girth increment 
of 1-57 in. 

2. Erythrina indica, Lam. Indian coral tree. Yern. Pangra, Hind., Mar.; 
Pinle-l-athit, Bum. 

A moderate-sized tree with small black prickles and smooth greenish 
yellow hark exfoliating in papery flakes. Indigenous in the coast forests from 
Bombay to Malabar, from the Sundarbans along the coast through Arakan, 
Pegu, and Tenasserim, and in the Andamans and Nicobars: much planted 
for ornament, and sometimes escaped from cultivation. The tree occurs 
chiefly along raised sandy beaches above high-water mark: in the Andamans 
its chief associates on these beaches are Mtmasops hUorahs. Calophylhm 
Inophyllmn. Thespesia popuhim. Terminalia Calappa, Heritiera UtloraUs. 
Afzelia bijuga, Pongamia glabra, and Hibiscus tiliaceus. Talbot says that on 
the Bombay coast it is sometimes associated with Calopltylhim Inophyllmn, 
Salvadora persirn, Ulerodemlron tnerme, Grewta Mtcrocos. and other species. 
The scarlet flowers appear in April-May, and the pods ripen about. June. 

4. PTEROCARPUS, Linn. 

This genus comprises five species in the Indian region, namely : (1) 
P. Marsupimn, Roxb., the kino tree, extending throughout the greater part 
of the Indian Peninsula and northward to the foot of the central Himalaya ; 
(2) P. sanlalinus , Linn, f., the red Sanders, occupying a restricted area, in the 
Indian Peninsula ; (3) P. dalbergioitles, Roxb., the. Andaman padauk or 
redwood, indigenous in the Andaman Islands ; (4) P. macrocarpus, Kurz. 
the true or Burma padauk, occurring as a forest tree throughout the greater 
part of Burma; and (5) P. indicus, Willd.. the Malay padauk, believed to 
be indigenous in the Malay Peninsula and Archipelago, and commonly planted 
along roadsides in Rangoon and other towns in Burma. Of these the first four 
are important timber trees, while the fifth is a well-known roadside tree in 
Burma, hut is of no importance as a timber tree in that province. 
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Gorakhpur westward to the eastern comer of the Kumaun Motor tract, in 
dry deciduous forest associated with Lageratroemia parviftma, Terminalia 
tomentosa, Amgeiaam latij'olia, Holoptelea inlegrifolia, Acacia Catechu, and other 
trees. It is absent from the Bengal Dears. It is found scattered in limited 
quantity and of small size in parts of the Marwar, Rewah, Indore, and Gwalior 

The tree is characteristic of deciduous types of forest, and appears to grow 
on a. variety of formations provided the drainage is good. It grows both on 
hilly or undulating country, and on more or less flat ground, preferring a soil 
with a fair proportion of sand, and is often found on red loam with a certain 
percentage of clay. It is not exacting, however, since it reaches larger dimen¬ 
sions than most other trees on exposed hill-sides on rocky ground and shallow- 
soil where the forest growth is poor : in such places it is at times almost 
gregarious. In the Peninsula it is common on gneiss, quartzite, shale, con¬ 
glomerate, sandstone, and laterite : less common on trap (Haines). In the 





case of plants regularly watered and weeded. A long taproot is produced 
at an early stage, the taproot sometimes reaching a length of 1 ft. in the first 
month. Natural forest seedlings.may show little stem development or may die 
hack annually for several years, ultimately shooting up after they have 
developed a long stout taproot. Although the seedlings are capable of struggling 
successfully against a moderate growth of low weeds and grass their develop- 


invariably perishes : under shade and in comparatively moist situations, 
however, the young root has the power of creeping along the ground for some 
distance and retaining its vitality until it finds an opportunity of penetrating 
the soil. This vitality of the young root during and immediately after germina¬ 
tion in places not exposed to drought is noticeable in the case of pods falling 
amongst grass and weeds and suspended an inch or two above ground ; here 
in moist situations germination takes place and the young root is for a time 
aerial until it reaches the soil, the cotyledons being capable of providing 
nourishment in the meantime. The radicles of germinating seedlings are much 
subject to the attacks of insects, but unless the damage is severe the seedling 
is capable of surviving. Although germination can take place under dense 
shade the seedlings will not survive and develop except under comparatively 
light shade. Young plants are much subject to browsing by cattle, goats, and 









&XIII. EEGUMINOSAE 


Silvicultural characters. The tree is a moderate light-demander. 
.Seedlings and saplings are capable of pushing their way through shrubby 
growt h, ami saplings and poles can stand a fair amount of lateral shade but will 
not tolerate any hut the slightest, overhead shade. Complete freedom overhead 
is necessary for proper development from the pole stage onwards. Young 
plants are frost-tender. In the abnormal drought of 1809 and 1900 trees 
suffered rather severely in the drier parts of the Peninsula. The tree produces 
root-suckers, as a rule sparingly. It usually coppices fairly well. Experiments 
carried out in North Chanda in 1909 showed that both in coppicing and in 
pollarding capacity it was inferior to the teak and far inferior to Lagerstroemia 
parvifiora : if anything it was found to pollard better than to coppice. As 
regards the best season for coppicing, these experiments gave the following 
percentage of success wheije the coppicing was done in different consecutive 
months—April, 100 per cent. ; May, no stools ; June, 100 per cent. ; July, 
33 per cent, ; August, 0 per cent,; September, 0 per cent. In some localities, 
particularly m Indian states, the trees have been extensively damaged by 
lopping for cattle fodder. 

Natural reproduction. Under natural conditions germination starts 
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sufficiently to admit the water into the pod. Germination can also be stimulated 
by placing alternate layers of pods and dead leaves in a pit, which is then 
flooded with water : as soon as germination starts the pods are removed and 
sown in the nursery. The extraction of the seeds is a tedious matter, but 
they germinate in a few days if extracted and soaked prior to sowing. If the 
pods are sown without soaking germination ordinarily starts m two to four 

Direct sowing has proved more successful than transplanting from nursery 
beds. If transplanting with entire roots and stems be carried out this should 
be done early in the first rains when the seedlings are still small, and even then 
great care is necessary. Experiments at Dehra Dun in transplanting seedlings 
both in the first and in the second rains, after pruning the taproot down to 
about 8 in. and the stem down to near ground-level, met with only partial 
success. To raise plants in the nursery the pods should be sown about March 
or April in drills 9 in. apart in well-raised beds with a porous soil of light sandy 
loam, regular weeding and watering being carried out. The most successful 
method of transplanting is to raise the seedlings in bamboo baskets and plant 
them out in the baskets. Direct sowings are best done in lines, as weeding 
is thereby facilitated. Line sowings with the aid of field crops should afford 
suitable protection against the sum, clear lines about 2 ft. wide being left, 
with tile crops in the intervening spaces. 

_ Plantations require careful protection in their younger stages from fire 
and grazing and from damage by deer. 

SiLViotn-TUKAi. treatment. In existing working plans the tree is- as 
a ride worked either by selection fellings or as standards in coppice-with-stan- 
dards. In selection fellings sound trees are ordinarily felled when they reach 
a girth of 6 ft, or a diameter of 2 ft. : where large dimensions are obtainable, 
as in Madura, Belgaum, &c., a girth limit of 7 ft. is fixed. Under ordinary 
conditions its silvicultural treatment would he combined until that of teak, 
blackwood, and other valuable species, regenerative operations in high forest 
consisting of the gradual removal of the overwood over established young 
growth, the opening of the canopy to stimulate new reproduction, with lioeing 
of tlie soil if necessary, and the weeding and cleaning of the young crop. Where 
natural reproduction fails sowing or basket planting would hare to be resorted to. 

Rate of growth. Mr. A. Rodger 1 quotes the case of a tree planted at 
Chaibassa which reached a height of 20 ft, and a girth of 10 in. in ten years ; 
lie also cites the case of a plantation in Central Coimbatore thirty years old 
which contained about 200 trees in excellent condition up to nearly 7 ft. in 
girth. 

Periodic measurements of ten trees for seven years in the Walayar reserve, 
Coimbatore, Madras, showed a mean annual girth increment of 1-5 ill. for the 
period: the trees varied from 1 ft. 7 in. to 3 ft. 1 in. in girth at the beginning 
of the period. This indicates a fairly rapid rate of growth. 

Certain working plans give estimates of rate of growth based on ring 
countings : it is somewhat doubtful, however, to what extent such estimates 
can be relied on, as the rings are difficult to determine, and indeed the working 
plan officer of the North Kanara plan, Mr. Pearson, admits the difficulty of 
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Leaf-shedding, flowering, and fruiting. The leaves are shed from 
January to the middle of March, the leaf-fall taking place earlier in dry than 
in moist localities : the tree is leafless or nearly so for a short time, the new 
loaves appearing early in April. The short racemes of yellow flowers appear 
from April to June ; the pods form rapidly, but do not ripen till next February 
or March. The pods (Fig. Ill, a) are 1-4-1-8 in. in diameter including the 
wing, obliquely orbicular, gradually narrowed into a short stalk, brown when 
ripe : central portion containing the seeds hard and bony. Seeds one or two, 
0-4-0-6 in. long, dolabriform, reddish brown, with a smooth leathery testa. 
About 25 to 40 dry pods weigh 1 oz. The pods fall for the most part during 
the hot season, chiefly in May. In the Report of the Forest Department for 
the year ending June 30, 1909, it is stated that trees fourteen or fifteen years 
old in Napier’s Park, Ganjam, seeded twice during the year, and that the seed 
germinated well on both occasions. 

Germination (Fig. Ill, b-g). Epigeous. The radicle emerges from the 
side of the pod opposite the stalk. Sometimes—particularly when two seedlings 
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Silvicultural characters. The red sanders is a light-deman 
will not tolerate overhead shade. Experience gained in the Kodur pli 
described beloWj shows that an abundance of growing space and 1 
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area, of well-established rod sanders of the original plantation was estimated 
to 1)0 IB acres. The history of this plantation shows very forcibly the need 
for regular thinnings ; in the earlier years the plantation was carefully tended 
and the growth wjvs rapid, an average annual girth increment of about 1 in. 
having been recorded during the first eighteen years ; subsequently, however, 
thinnings were neglected, and the average annual girth increment fell to 
considerably less than half this rate, the dominated trees showing an average 
total increase of not more than 1 in. for the twenty-nine years 1883 to 1912. 
The density of the plantation in 1912 can be imagined from the fact that in 
a sample area in winch periodic measurements had been made there were no 
fewer than 270 trees per acre, a density'far too great for a species so intolerant 
of crown suppression. Fig. 110 shows a portion of this plantation in 1917. 
when fifty-two years old. 

The tree grows to some extent from cuttings, provided these are kept 

Silvicultural treatment. In the natural forests the most suitable 
silvicultural treatment is suggested by the readiness with which natural 
reproduction springs up in areas protected from fire and grazing and establishes 
itself if sufficient light is afforded. This would indicate that the most satis¬ 
factory method of regenerating the forests would be to protect them carefully 
and to confine, regenerative operations to definite periodic blocks, freeing all 
existing voimg growth, thinning pole and sapling crops, opening the canopy 
to stimulate further reproduction, and carrying out works of artificial repro¬ 
duction where required ; in blocks not under regeneration thinnings in favour 
of red senders and other valuable species, together with the removal of mature 
or deteriorating stock, would be necessary. It is not yet certain what would 
be the most suitable rotation or regeneration period to adopt, but judging 
from existing records of rate of growth, it is probable that in regularly tended 
crops under forest conditions a rotation of about sixty years will suffice, and 
this might be conveniently divided into three or four regeneration periods of 
fifteen or twenty years each. 

Owing to the partially ruined condition of the red Sanders forests the 
system provisionally adopted hitherto has been that of thinnings (improvement 
fellings) combined with strict protection, extraction being confined to dead, 

Kate oe growth. Statistics regarding the rate of growth are at present 
somewhat fragmentary. As already stated, the Kodur plantation of I860, on 
rich alluvial ground, showed an average annual girth increment during the 
first eighteen years of about X in. ; during the following twenty-nine years, in 
consequence of overcrowding, the maximum rate of growth was only 0-65 in. 
per annum. In 1881, the plantation Being then sixteen years old, Dr. Brandis 
estimated that it. had a volume of 2,400 cub. ft. per acre and was producing 
an annual volume increment of 150 cub. ft. per acre. In 1883 (age eighteen 
years) the trees in this plantation had a mean height of 40 ft. and a mean 
and maximum girth of 18 in. and 30 in. respectively. 1 In 1915, when the 
plantation was fifty years old, the largest tree in it had a girth of 52 in. 
A sample plot measured in 1917 had 218 stems with an Estimated volume of 


1 Inch Forester, ix (1883), ] 
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1,710 cub. ft. per acre (see Pig. 110). Mr. P. M. Lushiiigton records that in 
a plantation in Chittoor, believed to have been formed not later than 1863, 
the largest tree measured by him in 1912-13, the plantation being then at 
least fifty years old, had a girth of 48 in., and there were other trees nearly 

In natural forest the mean annual girth increment is usually considered 
to vary from 0-5 to 0-75 in. Mi-. Whitehead 1 says a seedling tree commences 
to form heartwood at the age of about eighteen years, when it has attained 
a girth of 6-9 in. at breast height, while a coppice-shoot shows signs of forming 
heartwood at an age of fifteen years, when it has attained a girth of 9-15 in. 
A premature deposit of the red colouring principle santalm is often found 
round injured parts. He says a tree seventy to eighty years old, which as 
a rule averages 40-50 in. in girth at breast height, may be said to have attained 
exploitable age, that is, the age at which itps capable, of yielding a special 
house-post. 

3. Pterocarpns dalbergioidcs, Roxb. Andaman redwood, Andaman 
padauk. (This is the correct Hunterian spelling of the word, which is often 
wrongly spelt ‘ padouk ’. The pronunciation of the diphthong au is as in 
‘how’ or ‘now’: the first syllabic is short.) Vern. Padauk, Bunn, (in 
Andamans); Oialanga-da, da. And. (Pig. 112.) 

A very large scmi-deciduous or practically evergreen tree with ascending 
branches, attaining a height of 80-125 ft. with a clear bole of 20-50 ft. and 
exceptionally up to 60-80 ft.., and a girth sometimes reaching 18 ft. Leaves 
8-10 in. long with five to nine leaflets. The bole is often much buttressed at 
the base, particularly on low-lying ground and on shallow dry soil, while large 
over-mature trees are usually unsound. Many of the older padaulc trees, 
which have evidently grown up in a‘fairly open situation, are crooked in the 
bole and branch low down. 

The wood is moderately hard, the colour of the heartwood varying from 
light greyish brown to bright red or a rich reddish brown streaked with darker 
markings : the paler coloured wood is known on the market as ‘ off coinin' ’ 
padauk, and has a lower market, value than the red wood. Whether or not 
these variations in colour, which are of much economic importance, are due 
to any external conditions lias not yet been determined ; they arc not, accom¬ 
panied by any variation m botanical characters. 

The padauk is the principal timber tree of the Andamans, the red wood 
being highly esteemed for furniture, railway carriages, billiard tables, panelling, 
and interior building or decorative work generally : it has gamed a looting 
on the European and American markets, and is in considerable demand. The 
wood of the buttresses is usually oi excellent colour and beautifully figured; 

was in the possession of the late Lord Kitchener. 

This is not the true padauk tree, which is P. iiuicroairptw. hurz, the 
Burma padauk the Andaman tree received its name from Burmese convicts 
owing to its generic similarity to the tree they knew in their own country. 

OiSTlt 1 bi'ti ox AND habitat. Throughout the Andaman Islands. Very 
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Mr. Rogers considers dr probable that the padauk seed was originally brought 

hi t lie padauk-beanng forest padauk iH as a general rule the predominating 
species, hut the canopy is usually open, and the number of trees per acre is 
not great,. Mr. Todd s enumerations in the North Andaman showed an average 
of 202 sound padauk trees over 3 ft. in girth per 100 acres. From Mr. Rogers’s 
enumerations in the .South Andaman and other islands the average number 
of sound trees of all species 0 ft. in girth and over was estimated to be 197 
per 100 acres, of which padauk numbered 93 and its associates 104 trees per 
100 acres : including sound and unsound trees the estimate showed ail average 
of 135 padauk trees 6 tt. m girth and over per 100 acres. 

More recent enumerations by Mr. Bonig, combined with Mr. Todd’s 
figures for the North Andaman, have yielded the following estimate of padauk 
trees existing in 1914 : 1 

Pterocarpus dalbergiouhs : estimate of trees in the Andamans forests in 1914. 



A noticeable feature of the padauk forests is the preponderance of mature 
and over-mature padauk trees, the younger age-classes being inadequately 
represented or in some eases entirely absent. Seedlings may often be found 
under seed-bearers during the rains, but except where the cover is very light 
they disappear before next year owing to suppression, and it is only in places 
where clearings have admitted light that established saplings and young poles 
are to be found ill any quantity. Mr. B. B. Osmaston 2 notes that this remark¬ 
able disparity in the age-classes can be explained only by assuming that there 
has been a. recent change in the condition of the vegetation in the Andamans, 
the conditions under -which the'existing crop of mature and over-mature trees 
arose having given place to others unsuitable to the successful reproduction 
of the padauk: this change possibly consists in an increase of moisture 
favouring shade-enduring species to the detriment of padauk. Whatever the 
precise causes may be, the fact remains that thUJyoung crop of padauk is 
hopelessly inadequate to take the place of that which is now ripe for removal. 

As regards the climatic conditions under which the padauk grows in its 
natural habitat, the absolute maximum and minimum temperatures at Port 
Blair are 99° and 60° F. respectively, and the normal rainfall is 118 in. At 
> Working Plan Report of the Andamans Forest, Division, 1916. 
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Wimberleyganj, five miles distant, the rainfall is 169 in.: in the North Anda¬ 
man. Island it is probably somewhat less than at Port Blair, since the forests 
are of a drier type than in the south of the group. The great bulk of the rain 
falls during the south-west monsoon from May to October ; a fair amount 
falls during November, December, and April, but little or none from January 
to March. The climate is damp for the greater part of the year. 

Flowering and fruiting. The yellow flowers in large panicles, which 
are terminal, or axillary only towards the ends of the branches, appear in the 
rainy season about June. The pods (Fig. 114, a) commence forming rapidly, 
and ripen the following January to March'. when ripe they are dark reddish 
brown, 1-8-2-2 in. in diameter including the wing, orbicular, tapering down to 
the stalk, one- or two-sceded, the central portion, containing the seeds, hard 
and bony : about 550 to 600 pods weigh 1 lb. Seeds (Fig. 114, b) 0-4-0-5 in. 
long, dolabriform, flattened, reddish brown, smooth, shiny, testa fairly thin 
and brittle. The tree seeds abundantly almost every year. The immature 
pods are destroyed in large quantities by parakeets during the cold weather 
months. Most of the ripe pods remain on the tree during the months of 
March, April, and May. 

Tests carried out in the Andamans have shown that the seed retains its 
fertility unimpaired for at least two years if stored in a dry place. So far as 
experience goes, however, the percentage of fertility is not as a rule high. 
Tests carried out at Dehra Dun and in the Andamans in 1911 showed a fertility 
of 50 and 60 per cent, respectively : in the latter case the seed had been stored 
for a year. Seed sown in plantations in different parts of Burma showed 
percentages of success amounting to 16, 20. and 23, while in the Andamans 
in 1911, even when five pods were sown at each stake, the percentage of success 
amounted to only 68 : in plantations, however, the percentage of success 
would naturally be lower than the percentage of fertility as ascertained by 
careful tests, though for practical purposes it is probably of more value. 

Germination (Fig. 114, o-h). Epigeous, resembling that' of other species 
of Pterocarpns. Two fertile seeds are rarely contained in one pod, so that 
as a rule only one seedling emerges. The radicle issues from the. side of the 
pqd opposite the stalk, and bends downwards into the ground. Tim pod 
either is left on or in the ground, the cotyledons extricating themselves by 
the arching of the hypocotyl, or is carried up above ground, falling with the 
expansion of the cotyledons. The testa remains inside the pod. 

The seedling (Fig. 114). Description of plants grown under natural 

Roots : primary root moderately long, terete, tapering, wiry to woody : 
lateral roots numerous, fibrous, distributed down main root : nodules present. 
Hypocotyl distinct from root, 1-2-2 in. long, compressed, fusiform or tapering 
upwards, green, minutely pubescent. Cotyledons sub-sessile, foliaeeous, some¬ 
what fleshy, 0-8-1-2 in, i>y 0-3-0-4 in., unequally ovate oblong, apex rounded, 
base semi-truncate, entire, green, glabrous ; glands present on t he hypocotyl 
between the cotyledons. Stem erect, terete, tomeutosc.; internodes in first 
season 0 - 2 - 0-8 in. long. Leaves alternate, petiolato, first- few simple, followed 
usually by a few trifoliate leaves, then by 4-foliate leaves, after which the 

until the second season. Stipules O-1 in. long or less, linear falcate, pubescent. 
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of shade from high cover, the tree is a light-demander, and the more overhead 
light it receives the better is its development. 

The padauk grows best on well-drained low undulating ground, where it 
attains large dimensions ; on flat ground, where the drainage is not so good, 
although it may reach a considerable size it tends to form large buttresses 
and is often unsound. Although the trees are not so numerous in the semi- 
evergreen as in the deciduous type of forest they attain larger dimensions in 
the former ; in the latter type, although the trees are numerous they are 

The tree coppices well, and Mr. Osmaston remarks that this power is 
retained to a great age, since quite old trees on being felled frequently send 
up strong shoots. 

Natural reproduction. The unsatisfactory state of the natural repro¬ 
duction of padauk in the Andamans has been the subject of frequent comment 
on the part of officers who have inspected the forests of those islands, and the 
unanimous opinion recorded is that natural reproduction throughout the great 
bulk of the forests is almost entirely absent. 

Under natural conditions germination may take place as early as April, 
and it continues for some time into the rainy season, when numerous seedlings 
may be found ; these, however, disappear before the following year owing to 
suppression by the dense undergrowth. Only in the drier and poorer types 
of forest, where the undergrowth is scanty, do seedlings appear to be able to 
survive to some extent. In the North Andaman, where the type of forest is 
somewhat drier than elsewhere, Mr-. Todd 1 remarks that, except where there 
is a dense undergrowth, padauk saplings may be found in fair quantity, the 
overhead canopy being open ; he notes that the seedlings appear capable of 
standing a considerable amount of shade as long as the canopy causing the 
shade is at some height from the ground, and instances the case of padauk 
saplings growing vigorously in banjboo forest where there is usually little or 
no undergrowth, in spite of the heavy canopy 20-30 ft. above them. 

Omitting those parts of the North Andaman where the undergrowth is 
scanty or absent, however, it may be said that the natural reproduction of 
padauk is under ordinary conditions absent for all practical purposes. It wris 
at one time thought that this failure was due to a large extent to infertility 
of seed or to its destruction by parrots, but this theory has been exploded for 
some time, since there is often no lack of young seedlings in the neighbourhood 
of seed-bearers, though they cannot survive many months owing to suppres¬ 
sion; while the parrots do not consume excessive quantities of seed.' On the 
other hand, natural seedlings appear freely where sufficient light is admitted 
to the soil, and plentiful natural reproduction lias repeatedly been observed 
in areas where heavy fellings have taken place, on land cleared for plantations, 
along dragging paths, along the tramway-line clearing, and in similar openings 
in the canopy. It has been found by experience, however, that even in places 
where seedlings appear in quantity owing to the admission of light they are 
doomed to extinction unless kept free by means of cleanings from the masses 
of creepers and soft woods which grow up with them and would otherwise 
quickly suppress them. 

1 Itld. Forester, xxnii (1906), p. 583. 
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.Flu' amount of light required and the nature of the operations necessary 
to ensure the establishment of natural reproduction have been the subject of 
some discussion m the past, it bemg held on the one hand that so long as low 
cover is removed it- is advisable not to make too drastic an opening in the 
upper canopy owmg to the danger of stimulating weeds and climbers, and, 
on the other hand, that the padauk seedlings and saplings cannot have too 
much light, and that the admission of sun to the ground has a most beneficial 
effect. Kecent experiments, involving the opening of the canopy and the 
removal oi cover in different degrees of intensity, have indicated that the 
latter view is the more correct one, and that the more light admitted the better 
will be the development of the young crop. 

To sum up, it has now been sufficiently well proved that good natural 
reproduction can be secured wherever seed-bearers are present by opening out 
the ovenvood heavily, removing the underwood completely, and carrying out 
thorough cleanings as often as is necessary until the young crop of padauk is 
established. It is believed that in the majority of cases annual cleanings for 
three or four years, with subsequent- cleanings at less frequent intervals, will 
suffice. 

Mr. Cavendish has observed that in areas which have been worked over 
the best natural reproduction occurs in openings caused by fellings made at 
the time the padauk seed is ripe on the tree, that is, from March to May, and 
that very little reproduction takes place when fellings are made at other times 
of the year : he therefore advocates felling only in these three months. 1 

Artificial reproduction. The first regular plantations of padauk in 
the Andamans were made between the years 1883 and 1889. No further 
plantations were made until 1903, since when fairly extensive areas have been 
planted up from time to time. Where these plantations have been formed 
on typical padauk-bearing land and have been properly tended they have 
proved successful, but in some cases t-htjy have been formed on the non- 
calcareous micaceous sandstones of the Port Blair series on ground naturally 
occupied by evergreen forest, and here the growth has not been good. 

In the case of regular plantations the system commonly adopted has 
been to clear and burn the natural forest, sow the pods at regularly spaced 
intervals, and carry out subsequent weedings and cleanings as often as neces¬ 
sary. Experience has shown that an essential condition for success is the 
complete and early burning of the natural forest in order, first, to diminish 
the heavy growth of weeds and climbers which spring up after the burning, 
and which is intensified if the burning is incomplete; and second, to allow of 
the padauk seed being sown before the early showers preceding the monsoon 
in order to induce early germination. For this purpose it is advisable to clear 
the forest early enough to allow of thorough burning before the end of March 
and the sowing of the seed in April before the early showers. 

Various spacings have been tried, but a spacing of 6 ft. by 6 ft. has been 
found more satisfactory than spacings of 12 ft. by 3 ft. or 10 ft. by 4 ft., as 
a heavy growth of grass is apt to spring up between widely spaced lines. 
Usually two pods have been spwn at each stake, but in order to ensure more 
complete success the number was subsequently increased ta five, about 20 lb. 

1 Forest Administration Report for the Andamans, 1916-17. 
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commencing to suppress the padauk. The question has recently been raised 
as to whether it would not be preferable to employ the available labour in the 
Andamans in forming plantations of teak rather than of padauk. The former 
is not indigenous in the islands, but has been introduced and grows remarkably 
well: there can he no doubt that with its more rapid growth and greater 
volume production as compared with the padauk it would prove a more 

Apart, from regular plantations, cultural operations have been tried°from 
time to time in the Andamans. Of these one of the most promising was carried 
out in 1912 over 40 acres in a forest worked many years previously, in which 
only hollow trees remained. The undergrowth was cleared, and where the 
seedlings were numerous under the hollow padauk trees they were transplanted 
to other parts of the area. This experiment proved very successful where the 
cover was subsequently kept down. 

Attempts to form plantations of Andaman padauk have been made in 
various parts of Burma. It has been proved that plants can be raised with 
tolerable success in suitable localities, but on the whole the experiments have 
resulted in failure. It was found necessary to raise the plants in nurseries 
and transplant them during the rains. The young seedlings were found to 
be very subject to the attacks of crickets, while in the plantations deer did 
much damage by browsing and by nibbling the bark. Seedlings have recently 
been raised with success in Coorg, but it is too early to say if the introduction 
of the padauk into that province will meet with success. 

In the Andamans plantations the chief danger to be feared is the padauk 
weevil, which has already been referred to. Fortunately the damage done by 
this insect, though serious while it lasts, appears to be confined to young 
plantations, and the trees eventually outgrow the injury. 

Silvicultural treatment. The padauk forests of the Andamans have 
hitherto been worked under selection fellings. This method of working is the 
only one at present possible where the area to be dealt with is so large and 
labour is limited. At the same time it will be realized from what has been 
said above under ‘ natural reproduction ’ that the forests cannot be successfully 
regenerated by this method of treatment, and the only course open seems to 
be to sot aside, a suitable area to be regenerated during a period of years, with 
the idea of regenerating further areas in subsequent periods. The regenerative 
operations would consist of opening the canopy, clearing the undergrowth 
where seed-bearers are present, and carrying out repeated cleanings and 
subsequent thinnings in the regenerated crop ; where seed-bearers are insuffi¬ 
cient or natural reproduction fails, artificial methods of reproduction would 
be necessary. The most suitable method of opening the canopy to induce 
natural reproduction has not yet been determined by experience. 

Kate oe growth. The age of the padauk cannot be determined from 
annual rings. The rate of growth of natural padauk frees was calculated by- 
Mr. Todd 1 in 1906 by measuring fifty trees on Chatham Island, in Port Corn¬ 
wallis. This island was cleared of jungle in 1792 in order to establish a settle¬ 
ment, but was abandoned in 1796 ; thus the fifty trees measured must have 
been not more than 110 years old. The trees averaged 6 ft.‘ 1-4 in. in girth, 
1 Draft Working Plan for the Forests of the North Andaman, 1906. 
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which given a mean annual giijth increment of 0-67 in. for an age of 110 years. 
At this rate an average tree might be expected to reach a girth of 7 ft. in 
125 years ; actually, however, the age of existing natural padauk trees 7 ft. 
in girth is probably higher, as the trees measured must have grown up under 
exceptionally favourable conditions. Measurements of 63 trees in a sample 
plot on Chatham Island, extending over three years, gave a mean annual 
girth increment for the period of 0-60 in. 

The rate of growth in plantations is considerably faster. The following 
figures represent the mean girth and height (excluding suppressed trees) 
obtained from a series of measurements made in plantations of different, ages 
in the Andamans : 

Pterocarpus dalbergioides : rate of growth in plantations, Andamans. 

Age. Mean girth. Mean height, 

years. . ft- to. ft 


15 1 5i 46 


Some of the plantations -were formed on land not typically padauk-’bearing, 
and some remained insufficiently thinned for a time, so that on carefully 
selected land, if the plantations are regularly thinned, a more rapid rate of 
growth in girth might be attained. 

4. Pterocarpus macrocarpus, Kurz. Burma padauk (as regards the correct 
pronunciation of this word, see under P. dalbergioides, p. 277). Vent. Padauk, 
Burm. 

This is the true padauk tree, tiie other trees known by this name (P. dal¬ 
bergioides, Roxb., and P. indicus, Willd.) having been designated padauk 
owing to their resemblance to the indigenous tree of Burma. 

A large deciduous tree. Bark grey, exfoliating in irregular scales, exuding 
when blazed a bright red astringent gum resin similar in appearance to (he 
kino of P. Marsupium. Leaves 6-9 in. long with seven to nine coriaceous 
leaflets. 

Exceptionally the tree grows to a height of 90-100 ft. and a girth of 
12 ft., but ordinarily it attains a height of 50-70 ft. with a clear, bole of 20 to 
40 ft. and a girth of 4 1 to 6 or 7 ft. Mr. A. Rodger records a tree 12 ft. 3 in. 
in girth in the Paungadaw reserve, Ruby Mines division, Upper Burma. Large 
trees arc often buttressed at the base and are nearly always hollow in the 

The padauk furnishes one of the most- important timbers of Burma. The 
sapwood is light yellowish brown, small, the hcartwood bright, yellowish red 
to brick red, sometimes streaked with brown, hard, very strong and durable. 
In point of colour and decorative value the wood of the Burma padauk cannot 
compare with that of the Andaman padauk (P. dalbergioides), but for purposes 
where great strength and durability and good seasoning qualities arc required 
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thn former is one of the host of timbers. Its chief uses are for ordnance work, 
for which it is put to more uses than any other timber, wheel-work,"frames 
and shafts of carriages, and agricultural implements. In Burma there is 
a large local trade in padaungs, or pieces usually 2 to 3 ft. long by 2 to 3 ft. 
in girth, used for the manufacture of cart-wheel naves. The stems yielding 
these pieces arc commonly 3J to 4| ft. in girth at breast height. 

DrsTRimmoN and habitat. The padauk is found in suitable localities 
throughout the greater part of Burma from the 24th parallel of latitude in 
the Bliamo, Ruby Mines, Katha, and Shwebo districts southward to the 
Amherst district, and to a limited extent in South Tenasserim. On the east 
it extends, so far as Burma is concerned, to the borders of Tenasserim on the 

in the Southern Shan States. The principal padauk tracts of the upper'Irra¬ 
waddy drainage, occur in the Shwebo, Ruby Mines, and Mandalay districts, 
ascending to 2,000 ft. ; the tree extends along the Shan hills to the east of the 
Kyaukse, Meiktila, and Yamethm districts, and thence southward along the 
hills cast of the Sittang river. It is common in the northern portion of 
the Pegu Yoma in the Yamethin, Toungoo, Magvve, and Thayetmyo districts, 
extending south to the Prome district on the west and hardly entering the 
Pegu district on the east : it is unknown in Tharrawaddy arrd Hanthawaddy. 
It is found in the Chindwin drainage up to about the 23rd parallel of latitude, 
being cpminon in the Taungdwin reserve of the Myittha forest division, and 
occurs on the eastern slopes of the Chin hills and the Arakan Yoma, extending 
as far south as the Thayetmyo district. It is found scattered in the lower 
Salween drainage and is locally common in the Thaungyin and Ataran 

The Burma padauk is usually found on undulating to hilly country, 
occasionally ascending to 2,500 ft. elevation. It occurs on a variety of 
geological formations, including gneiss and other metamorphic rocks, lime¬ 
stone, soft sandstone, and shale ; it is sometimes found on laterite, but usually 
in stunted form. The tree requires good drainage, and is found most commonly 
on sandy loam ; where the proportion of sand is in excess, although trees of 
large dimensions are produced they are usually unsound in the centre. 

The padauk tree of Burma is found most typically in the drier types of 
upper mixed forest, often mixed with teak, some of its other common com¬ 
panions being Terminal™, tomenlosa, T. Cludmla, Xylia dolabriformis , Homalium 
tomentosum. Vitcx glabrata, Dalbe.rgm. cult rata. Phyllanthus Emblica, Acacia 
Catechu, Shorea obtusa, Pentacme suavis, Sterculia villosa, S. versicolor, S. ornata, 
and others, together with various bamboos, of which the chief are Dendro- 
calamus strictus, Thyrsostachys Oliveri, Oxytenanthera albociliata, Cephalo- 
slachyum pergracile, Bambusa polymorpha, and B. Tulda. It is noteworthy 
that working plans enumerations show that some of the sample plots richest 
in padauk are characterized by an abundant growth' of Oxytenanthera albo¬ 
ciliata., a bamboo which thrives on sandy soils. In the ordinary type of 
upper mixed forest, as exemplified in the Pegu Yoma, the padauk ordinarily 
seeks the upper and drier portions of the hill slopes, a common mixture being 
teak and padauk on the upper slopes and teak and pyinkado (Xylia) on the 
lower and moister slopes. Towards the northern extremity of the Pegu Yoma 
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padauk stall persists, associated with such dry. zone species as Acacia Catechu 
and Tectona Hamiltouiana, where the forest becomes too dry for teak. In the 
moister forests of this hill range the tree is absent. It extends in stunted 
form to the fringes of .the dry zone of Upper Burma, for example on the dry 
outer hills bordering the Mandalay plain. The padauk sometimes occurs in 
induing (dry dipterocarp) forest on laterite or sandy gravel, associated with 
Dipterocarpvs tubercula-lus, Pentacme -mavis, Shorea- obtusa, and other trees 
characteristic of this special type : here it does not attain large size. More 
commonly it avoids the usual induing type and occurs in belts or patches of 
dry mixed bamboo forest of Dendroca-lamus strictus between tracts of induing, 
as in the southern part of the Ruby Mines district, where the tree is found 
on the broken ground along watercourses running through induing forest, 
wherever the laterite soil gives way to richer soil. In this district, which 
produces some of the largest padauk in Burma, the tree reaches its best 
development in the drier parts of the bamboo forest, mainly of Cephalostachyum 
pergracile and Thyrsostachys Oliveri, on the lighter soils ; here as a rule large 
growth denotes sandy soil and unsoundness in the timber, moderate growth 
denotes well-drained loamy soil and sound timber, and stunted growth denotes 
a heavy and unsuitable soil. 

The padauk'is not a gregarious tree, and as compared witli teak, Xylia, 
and certain other trees it forms as a rule only a small proportion of the 
growing stock of the mixed forests in which it occurs. Working plans enumera¬ 
tions show that in the majority of oases the number of sound padauk trees 
3 ft. in girth and over varies from 20 to 30 per 100 acres, and that padauk 
seldom forms more than 1J per cent, of the growing stock. Occasionally, 
however, padauk is abundant over comparatively small areas : thus in the 
Saing working circle of the Toungoo forest division a sample plot 47 acres 
in extent was found on enumeration to contain more than ten padauk trees 

In the natural habitat of the padauk the absolute maximum shade 
temperature varies from 100° to 112° F., the absolute minimum from 40° to 
52° F., and the normal rainfall from 35 to 180 in. or possibly more. 

Leaf-shedding, flowering, and fruiting. The tree is leafless for 
a time in the hot season, the now leaves appearing in April-May. The racemes 
of fragrant yellow flowers appear from March to May. The pods ripen in the 






XXIII. LEGUMINOSAE 


to be of poor quality, and possibly seed should be colleoted earlier in the 

Germination (Fig. 115, b, c). Epigeous, resembling that of other species 
of Pterocarpus. One pod produces one or more rarely two seedlings. The 
radicle issues from the side of the pod opposite the stalk, bending downwards 
into the ground. The pod is either left on or in the ground, the cotyledons being 
extricated by the arching of the hypocotyl, or is carried up above ground, 
falling with the expansion of the cotyledons. The testa remains within the pod. 

The seedling (Fig. 115). 

Boots : primary root long, moderately thick, terete, tapering, wiry to 
woody : lateral roots moderate in number, fibrous, distributed down main 
root : nodules present. Hypocotyl distinct from root, 0-5-0-7 in. long, tapering 
downwards, glabrous. Cotyledons sub-sessile or shortly petiolate, foliaeeous, 
somewhat fleshy, 0-8-1 in. by 0-3-0-4in., unequally ovate oblong, apex rounded, 
base obliquely obtuse, entire, green, glabrous, venation arcuate reticulate. 
Stem erect, terete, zigzag at the nodes, green, with minute adpressed hairs. 
Leaves alternate, petiolate, first 6-8 simple, usually followed by one or more 
trifoliate leaves, then leaves with four or more leaflets. Stipules 0-15-0-4 in. 
long, linear acuminate, minutely hairy. Simple leaves with petiole 0-15-0-8 in. 
long, tomentose, petioles short in early leaves, longer in subsequent ones ; 
lamina of first 1-3 leaves 0-25-0-6 in. long, that of succeeding leaves becoming 
larger, up to 3 in. by 2-3 in., broadly ovate to orbicular, obtuse or acute, 
mucronate, base rounded or cordate, entire, glabrescent with scattered hairs 
or with .hairs on the principal veins. Compound leaves with leaflets alternate ; 
petiolules up to 0-1 in. long ; lamina broadly ovate, acuminate, base rounded 
or slightly cordate, entire, silky hairy before expanding, becoming glabrescent 
or glabrous ; terminal leaflet larger than lateral ones, up to 3 in. by 2 in. 
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though possibly it is not so exacting in this respect as the teak. Although it 
grows best on deep well-drained porous soils it is not exacting as regards soil 



provided the drainage is good, since it is sometimes found in dry localities 
with poor shallow soil, though in such places it is stunted. 

Natural reproduction. As a ride natural reproduction is reported to 
be good only in rather dry o\>en forests, and is scanty or absent in moist 
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forests where the cover is denser. This appears to indicate that natural 
reproduction of this species, like that of the Andaman padauk, cannot establish 
itself under the suppression of low cover, and requires an abundance of light. 
Low cover, however, appears to favour germination and the early develop¬ 
ment of the seedling. Under natural conditions germination usually takes 
place during the early showers preceding the rainy season, .and seedlings 
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cuttings, which should be planted in prepared pits in rather sandy soil early 
in the rainy season, or, if watering can be carried out, about the month of 
February. Nursery-raised plants are ready for transplantinjpat the com¬ 
mencement of the second rains, when they are rather more than one year old : 
planting can be most successfully carried out by transferring the seedlings 
to bamboo baskets during the first rains and planting them out in the baskets 
during the second rains. 

5. DALBERGIA, Linn. f. 

This genus is an important one silviculturaUy and economically. There 
are between thirty and forty Indian species, several of them straggling or 
scandent shrubs. Some of the trees are of little or no economic value, possessing 
whitish woods without lieartwood ; the best known of these are D. lanceolaria, 
Linn., and D. paniculata, Roxb. Qthers are of great value owing to their dark- 
coloured ornamental heartwood. The two most important timber trees of 
the genus are D. Sissoo, Roxb., and D. latifolia, Roxb., which have been 
studied silviculturaUy in much greater detail than any of the others. Two 
others with ornamental woods, D. cultrata, Grah., and D. Oliveri, Gamble, 
have received preliminary study and are included below. Dalbergia pods'are 
flat and indehiscent even during germination, with one or a few seeds, and 
those of several species are light and well adapted for dissemination by wind. 
Some at least of the species are known to produce root-suckers freely. 

Species 1. D. Sissoo, Roxb.; 2. D. latifolia, Roxb.; 3. D. sissoides, Grah.; 
4. D. cultrata, Grah.; 5. D. Oliveri, Gamble. 

1. Dalbergia Sissoo, Roxb. Sissoo. Vem. Shisham, sissu, Hind.; Tali, Pb. 

A large deciduous tree with a light crown ; bark 0-4-0-6 in. thick, grey, 
longitudinaUy and somewhat, reticulately furrowed. Leaves compound, with 
3-5 alternate leaflets. In favourable localities it reaches considerable dimen¬ 
sions, sound trees up to 8 ft. in girth and nearly 100 ft. high being by no means 
uncommon in the Bengal Duars ; in less favourable localities, as in the drier 
parts of the Punjab ,sub-Himalayan tract, it remains a comparatively small 
tree. The growth of the bole is as a rule somewhat crooked, and straight logs 
of any great length are difficult to obtain. The sissoo furnishes one of the 
most important timbers of India, and gives excellent fuel. The heartwood is 
brown with darker streaks, very hard, strong and durable : it is used for 
building, furniture, carts and carriages, wheel-work, gun-carriage wheels, 
carving, and a large number of other purposes. The sissoo is used in the 
tea-gardens of Dehra Dun as a shade tree and fertilizer for the tea-bushes. 

Distbibution and habitat. Throughout the sub-Himalayan tract from 
the Indus to Assam, and in the Himalayan valleys, usually up to 3,000 ft., 
but sometimes ascending to 5,000 ft. It.deseends the rivers for some distance 
into the plains. It is cultivated or self-sown in many parts of India. In its 
natural state the sissoo grows most typically on alluvial ground in the beds 
of rivers ; this alluvial type of forest is described below. The tree is, however, 
by no means confined to alluvial ground, and springs up freely wherever the 
soil is exposed, as on landslips, on hill-sides, on new embankments, and such 
places ; it springs up frequently along water-channels, as well as on grass¬ 
lands where the soil is exposed. It occurs in the Rawalpindi district in the 
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form of a straggling bush at an altitude of 5,000 ft., clinging to crevices on the 
sides of sandstone cliffs and spreading by means of root-suckers. In the Kangra 
valley it may he seen on hilly ground in somewhat open crops associated with 
Pinus longifolia, Acacia Catechu , and various miscellaneous species, ascending 
to 4,000 ft. Detrital boulder fans, torrent-beds, and taluses along the base 
of the outer hills are often covered with dense crops of sissoo. The tree avoids 
stiff clay, preferring a porous soil of sand, pebbles, and boulders : trees growing 
on clay are invariably stunted. 

* In the natural habitat of the sissoo the absolute maximum shade tempera¬ 
ture varies from 102° to 120° F., the absolute minimum from 25° to 42° F., 
and the normal rainfall from 30 to 180 in., though the tree is of small size 
where the rainfall is less than 40 in. The sissoo probably reaches its finest 
development on the riverain tracts of the Bengal Duars, where the absolute 
maximum and minimum shade temperatures arc about 103° and 35° F. respec¬ 
tively, and the normal rainfall varies from 130 to 180 in. 

The alluvial sissoo forests are a ch araeteristic feature of the rivers and 
streams «f the su b-Himaiayan tract and the outer Himalayan valleys. Here 
the tree grows gregariously in the beds of the rivers on the new alluvial land 
thrown up in the shape of islands or low banks formed of deposits of sand, 
shingle, and boulders, the sissoo forming forests either pure or mixed with 
Acacia■ Catechu. As the streams alter their courses or add fresh deposits, 
these forests are gradually elevated, and as this process continues, successive 
terraces of even-aged crops of different ages may be observed at' various 
heights above river-level. Sometimes the advent of the sissoo is preceded by 
or is simultaneous with that of Tamarix dioica, while almost invariably grasses 
appear along with or immediately before or after the sissoo. In the western 
sub-Himalavan tract one of the most characteristic grasses through which the 
sissoo makes its way is Saccharum Munja, Roxb., the moonj grass, which 
sometimes occupies large stretches of rather dry sandy or shingly alluvium : 
other characteristic grasses associated with the early development of alluvial 
sissoo crops in this tract are Saccharum sponktneum, Linn, (the tufted sandy 
form), Aristida cyanantha, Steud. ex Trin., and Trirapti-is madagascariemis, 
Hook. f. When the sissoo crops come up with their characteristic density the 
grasses are gradually killed out, and frequently a dense undergrowth of Adha- 
toda. Vasica appears. As the crop gets older and becomes thinned out by 
fire, felling, or other causes, miscellaneous species such as Eltrelm laevcs, 
Holarrhena antidysent erica, Odina Wodier. Bomb ox malabancvm. Kydta 
calycina, Premna latifolia, and others take the place of the sissoo, and a different 
type of forest comes into being. Often, however, this stage is never reached, 
for the rivers and streams frequently alter their courses and carry away every 
year considerable stretches of immature sissoo forest; the wastage from this 

the development of riverain sissoo crops, and Fig. 123 shows a crop in process 

In the moist climate of the Duars the alluvial sissoo forests are charac¬ 
terized by the presence of a much more luxuriant growth of giant savannah 
grasses t han is the case in north-western India. The chief species are Saccharum 
arundinaceum. Retz., Enanthm ekphantinus, Hook. {., Anthu/ina gigantca, 







and rivers of the sub-Himalayan tract in the winter, 
remain on the trees until April, some even till May. 
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that in order to ensure the best results the thinning should start not later 
than the end of the first season, and should be repeated annually for a few years. 
Porosity of soil lias a marked effect on development: on stiff clay the plants 
always remain stunted. The beneficial effects of soil-aeration resulting from 
periodic loosening of the surface soil combined with the eradication of weeds 
have been demonstrated in a marked degree in experiments at Dehra Dun, 
the results of which are given on the next page : these results refer to two 
separate sets of experiments : (A) broadcast sowings in Surajbagk garden ; 
and (B) line sowings in Kaunli garden. It was found that the effects were 
most marked in the first season, less so the next year, and least, of all sub¬ 
sequently. Irrigation, as these experiments show, also has a decided effect 
on the growth of seedlings and saplings, as well as of trees, but in the 
young stages the effects of irrigation are largely discounted if weeding 
is not carried out : indeed -weeding and loosening of the soil give much better 
results than irrigation ‘without weeding, and in some cases the results 
attained by unirrigated sowings are not much inferior to those attained 
by irrigated sowings where weeding and loosening of the soil are carried out 

Silvicultural characters. The sissoo is a strong light-demander ; in 
the dense crops which it often forms the more vigorous trees tend to suppress 
and kill out- the weaker ones. It is decidedly frost-hardy : the leaves are some¬ 
times affected by severe frost, but the tree is not seriously injured!., In the 
abnormal frost of 1905 in northern India the trees suffered comparatively 
little damage, except that there were numerous cases of frost-crack in the 
plantations of the Lahore district. Seedlings are sensitive to drought, but in 
its natural state the tree is fairly- hardy ; in the abnormal drought of 1907 
and 1908 in Oudh the alluvial sissoo forests suffered comparatively little 
damage, though possibly they may have had the benefit of the river-water 
during the dry period. In irrigated plantations, as might, be supposed, the 
trees die if the water-supply is cut off for any length of time. 

Sissoo plants are readily browsed by cattle, goats, and camels ; where 
grazing is prevalent, seedlings and saplings are browsed down year after year, 
and coppice-shoots assume a dense busby growth. The sissoo is not par¬ 
ticularly fire-resistant, and the forests suffer greatly where there is much 
inflammable grass present. 

It has already been noted that the sissoo will not, tolerate stiff clay, and 
requires porous well-aerated ground for its proper development. In the sub- 
Himalayan tract sissoo forests, situated as they arc. in the neighbourhood of 
rivers, are occasionally killed by the accumulation of fresh deposits when the 
rivers change their courses (see Fig. 124) : these deposits no doubt deprive 
the roots of air and possibly prevent the action of bacterial agencies, thus 
causing death. Considerable mortality is caused annually by the mechanical 
action of rivers in eroding the hanks and uprooting and sweeping away the 
sissoo trees, often before they attain marketable size. 

Of fungoid pests the mildew fungus Pht/UacHniii. corylta has already been 
mentioned as attacking the leaves of seedlings and saplings ns well as of older 

dangerous fungus" is Fumes lucidus (Leys), Fr., which is the cause of much 




Dalbergia Sissoo : results ot experimental sowings, Delint Dun. 

A. Broadcast soloings in Surajbagh garden. 

Five plots, each cleared of weeds, dug up and levelled : seed sown in March, 

t. • | Maximum height-growth. 
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Development impeded by growth of 
and grass ; plants much less vigoroui 
in plot 2. The larger plants only 


t _ _._ r jded by growth of 

d grass ; plants much less vigorou 
plot 4. The larger plants only 


B. Line sowings in Kaunii garden. 

Four lines, cleared of weeds, hoed up, and levelled : seed sown in May. In the irrigated lines seed sown along bi 
of ridge thrown up along the side of irrigation channel. < 


fit Not weeded 

) «1 ( Weeded and soil loos 
,o |. J ened periodically 
j "fc | Not weeded 


End of 1st year. 

End of 2nd year. 

End of 3rd year. 

Maximum height 

3 ft. 9 in. 

Height 1 ft. 2 in. to 

12 ft. 6 in. 

Average height 6 ft. 6 in. 
Maximum height 16 ft. 11 in. 
Maximum girth at 44 ft. = 7 in. 

Maximum height 

Height 10 in. to 

5 ft. 11 in. 

Height 3 ft. 8 in. to 13 ft. 3 in. 

Maximum height 

Height 1 ft. 4 in. to 
Oft. 3 in. % 

Maximum height 13 ft. 10 in. 
Maximum girth at 4J ft. =-4 in. 

All killed except a few 
weakly seedlings i 
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None surviving. 
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cover of trees or undergrowth. In short grass germination takes pine 
and the mortality is not so great, but the subsequent developmen 
seedlings is slower than on exposed 'ground. Dense weed-growth 
prevents the establishment, of regeneration. A remarkable instance 
was observed near the SUnkos river in Goalpara. Assam. Sisson snplii 
found to be numerous on the unprotected side of a straight fire-line a 
^ticalty absent on the protected side : both sides of the line were 
grazing. The explanation of this somewhat anomalous result was th: 
to the presence of much grass on the unprotected side the damage by 
was less than it would otherwise have been, while owing to the effect o: 
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in keeping the grass short., damage by fire was slight: on the fire-protected 
side, however, a comparatively heavy undergrowth was induced which 
effectually prevented the regeneration of the sissoo. 

In spite of this somewhat exceptional example, fire and grazing are 
ordinarily most inimical to the establishment of natural reproduction. An 
instance of the adverse effect of grazing in this respect may be quoted in the 
case of a demarcated plot 200 square ft. in area in a river-bed in the Siwaliks, 
containing when laid out 1,562 seedlings one year old, with a maximum ° 
height of 6 in. ; this plot, which was in a grazed area, was kept under observa¬ 
tion for five years, at the end of which time only eight seedlings with a maxi¬ 
mum height of 8 in. survived, most of the remainder having been destroyed 
by grazing. For three years the seedlings lingered chiefly in tufts of tall 
grass, where’ they were protected from cattle, but these eventually died of 
suppression. Saplings which are kept down by grazing present a typical 
bushy appearance, forming strong root-systems and sending up numerous 
root-suckers which are themselves browsed down, so that a dense low bushy 
growth of sissoo may cover considerable stretches ; instances of this are fairly 

Artificial reproduction. The sissoo can be grown from ordinary 
cuttings or from root cuttings. Such methods, however, are not in general 
vogue, as the tree can be raised so easily from seed. Plantations of root- 
suckers have proved highly successful in the dry climate of the Etawah district, 
United Provinces, and this form of propagation is worth further attention. 
In selecting sites for plantations care should be taken to avoid stiff clay soil, 
on which the trees, if they survive, remain stunted. Irrigation promotes the 
most rapid growth, and in the Punjab irrigated plantations, of which the oldest 
and most important is the Changa Manga plantation, have been in existence 
for many years and are being extended considerably. An account of the 
methods adopted in forming and working irrigated plantations is given below. 
Natural irrigation, in whole or in part, is secured in the ease of sailaba planta¬ 
tions, formed on alluvial land adjacent to rivers, which receives occasional 
flood water ; a short: account of one of these plantations is also given below. 

It has already been shown, in connexion with the development oi the seedling, 
that good results can be attained without irrigation provided thorough weeding 
with loosening of the soil is carried out until the plants are well out of the 
reach of weeds : indeed, it may be said that in any form of sissoo plantation 
thorough weeding during the early years is essential. This weeding should 
commence after the seedlings have sent down their taproots, and not during 
the germination stages, otherwise they are liable to be loosened and washed 
away by rain or exposed to drought. As regards the actual method of raising 
plantations, direct sowing is so much more satisfactory than transplanting 
that it is tile only method to be recommended on a large scale ; and in order 
to facilitate weeding, line sowings are far preferable to any other form of 
sowing. Many existing plantations in different parts of India, it is true, have 
been raised by transplanting from nurseries, but in the majority of cases 
the success attained has hardly been, commensurate with the high cost 
involved. As transplanting is sometimes necessary, however, for the filling 
of gaps or for roadsides, the best method of carrying out this operation, 
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for planting grassy blanks, the plants being large enough to overtop the grass 
from the beginning. 

Vnirrigated line, sowings. Various experiments with mrirrigated line 
sowings have been carried out at Dehra Dun. The best results have been 
attained by line sowings in combination with the cultivation of field crops, 
the. crop employed for experimental purposes Being the lesser millet or mandiea 
(Ehusine coramna), which grew to a height of about 3 ft. or more. The lines 
of sissoo were sown along with the crop in June, and the latter was reaped iir 
October. It was found that if the field crops were sown continuously over 
the area the sissoo sowings were a failure, the plants dying of suppression : 
excellent results, however, were attained by leaving clear lines 2 ft. wide, 
along the centre of which sissoo pods were sown and lightly covered with 
earth, the intervening spaces being occupied by the crop (see Fig. 125). 
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district. Originally an area o{ 780 acres was taken up in 1866, but large 
extensions have been made subsequently. In 1916 the plantation had a gross 
area, including roads, rest-house compound, &c., of 9,605 acres and a wooded 
area'of 9,097 acres. Many different species were tried at first, and it was only 
after numerous experiments that sissoo was decided on as the most suitable 
species for furnishing the requisite supplies of good fuel and useful timber. 
t Other irrigated plantations have been commenced in the Punjab within recent 
years. In 1918 there were six new plantations, either started or about to be 
started, namely Kot Lakhpat (1,965 acres) and Tera (837 acres) on the Upper 
Bari Doab canal; Chichawatni (10,930 acres) and Khanewal (17,708 acres) on 
the Lower Bari Doab canal; Pir Mahal (15,000 acres) on the Lower Chenab 
canal; and Daphar (7,200 acres) on the Upper Jhelum canal. The areas of 
the last two are roughly tentative ; they had not been started in 1918. 

The preliminary work of laying out an irrigated plantation is carried out 
by the Irrigation Department, which constructs the distributaries leading 
from the main canal. In the case of the newer plantations, for purposes of 
irrigation control the area is divided into c)taks or main subdivisions, each 
of which contains several compartments. A compartment may comprise two 
or more irrigation ‘ squares ’, and may be divided by watercourses (khals) 
into fields for irrigation purposes. In the Changa Manga plantation there 
are no chaks orsquares. The working scheme for the new Khanewal plantation 
in the Multan district prescribes compartments as nearly as possible sp acres 
in area, each comprising two squares of 25 acres each : each compartment is 
divided into three fields watered by three secondary khals. Each Ichal has on 
either side of it, and running parallel and close to it, apa-sef or subsidiary channel 
which takes water from the khal and distributes it into the plantation trenches : 
the construction of pasels obviates the necessity for making openings in the 
khal at more points than is necessary. In the new Khanewal plantation the 
dimensions laid down for the secondary khals are = 31 ft. mean breadth 
by 1 ft. depth, and those of the pasek are yjw - 11- ft. mean breadth by 1 ft. 

depth. The ultimate irrigation trenches are 1 ft. by 1 ft. in section. In 

Khanewal and Kot Lakhpat they are dug 10 ft. apart, in Changa Manga 11 ft. 
apart, and in Tera 15 ft. apart, the distances being measured from centre to 
centre. The secondary khals, pasel s, and trenches arc dug by the Forest 
Department. The estimate of earth-work for a compartment of 50 acres in 
the Khanewal plantation is as follows : 

3 secondary UtaU 1,<180 ft. x 3} ft. X lft - 20,790 

7 pasek 1,980 ft. X lift X lft - 20,790 

196 trenches 990 ft X 1 ft X 1 ft. - 191.010 

. Total 5it020 

Various methods of carrying out the sowings and irrigating them have 
been tried, but the method now universally adopted as being the only really 
successful one is to throw up the soil excavated from the trench in the. form 
of a ridge running alongside the trench ; a small berm 3 or 4 in. wide, raised 
an inch or two above the level of the ground, is made between fhe trench 
and the ridge, and on this berm the seed is sown. As a rule 60 to SO lb. of 
seed have been used per acre, but recently 40 lb. per acre has been tried in 











DALBERGIA 


pan 1 a rotation of twenty years has been adopted, from 1916-17 to 1935-6. 
In the ease of the newer plantations it is proposed to sow up the whole area 



planted on a small scale was the mulberry, Monts alba. ; the fruits of this tree 
are greedily eaten by starlings (Pastor roseus), which visit the plantation in 
large flocks at the time they ripen from the end of March to the end of April, 



ground under the sissoo which would otherwise be wasted, thus helping to 
swell the out-turn of the plantation. , Fig. 130 shows mulberry coppice under 
sissoo standards. Silviculturally the mulberry acts as a useful soil-protcctor 
and promotes straightor and cleaner growth in the sissoo. In order to prevent 
the suppression of the sissoo and to maintain a sufficient proportion of that 
species, it is necessary to carry out repeated cleanings in the young coupes by 
cutting back the growth of mulberry in tlic interests of the seedling or coppice 
reproduction of the sissoo. Under the latest, revised Changa Manga working 
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land. By 1898-9 the financial position was at its worst, the accumulated 
arrears of interest amounting to Rs. 4,78,018. With the second rotation, how¬ 
ever, the position began to improve, and by 1913-14 the whole of the arrears 
of interest had been paid off and the plantation had just paid 4 per cent, on 
all capital invested in it, leaving Rs. 17,710 as profit. The position continues 
to improve at a rate at which the whole capital could be paid off within a few' 
years, leaving a property of great value. 

An independent calculation made with the view' of ascertaining the rate 
of interest yielded by the plantation by the end of 1913-14 determined the 
rate ofc interest, to be 4-67 per cent. The method employed W'as to ascertain 
at what rate of interest (a) and (b) are equal, where (a) represents the value 
at the outset of the annual profits and of the present estimated value of the 
property less the value at the outset of the annual losses, and ( b ) represents 
the value at the outset of the original value of the property and of all capital 
expenditure incurred. In round figures the values with interest at 4-67 per 


Djlieroiice . . . 3,87,000 

This calculation probably errs on the side of safety : not only was the 
present value of the land over-stated, but no revenue was allow'ed for until 
the first fellings commenced in 1881-2, although the receipts up to that year 
exceeded Rs. 1,00,000 from grass, grazing, cotton cultivation, and other items. 

These figures are sufficient to indicate that, irrigated plantations formed 


and managed on rational lines have every prospect of yielding a fair return 
on the capital invested. 

Sailaba plantations. These are plantations formed on the alluvial ground 
thrown up along the banks of rivers and subject, in part at least, to occasional 
Hooding. The oldest plantation of this kind is the Shadera-Jugian plantation 
on the banks of the Ravi river near Lahore, where the rainfall is about 18 in. 


This plantation w'as commenced in 1865, and the area now amounts to some 
1,400 acres. The soil is recent alluvium ( sailaba) of a fairly light and sandy 
nature. The subsoil water at the driest season is about 6 to 15 ft. below the 


surface. A large proportion of the area is liable to inundation from the river 
during exceptionally high floods, but immersion is never long continued. 
Various methods of sowing and planting were tried when the plantation was 
formed ; these included sowing broadcast or in patches or lines of various 
spacing, as well as the transplanting of seedlings and Toot-cuttings. As far 
as can be ascertained from records the best results were attained by trans¬ 


planting seedlings and by line sowings. Failures occurred mainly in water¬ 
logged places, while sonic damage was done by floods when the seedlings were 
small. It is interesting to note that the growth has been best in the more 
elevated portions where the water-level is some 12 to 15 ft. below ground 
surface. The system of management applied so far lias been coppice-wit h- 
standards with a coppice rotation of fifteen years, 15 to 20 standards being 
left per acre. As in Changa Manga, mnlberrv has spread over the plantation, 
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III Quality. 



increasing its yield ; in the young coupes the sissoo hajj.to be protected against 
tlie mulberry by means of cleanings. Wind is a serious cause of damage, 
chiefly to standards left in recently felled coupes : the fungus Fames lucigus 
has also been responsible for much mortality among the trees. As regards 




Rs. 9-6-7 per acre of wooded area per annum. 

Selvicultural treatment. The silvicultural treatment of the sissoo 
in irrigated plantations has already been described : the system adopted in 
the Punjab is coppice-with-standards, seedling reproduction to replenish the 
existing crop being obtained both naturally, by clearing the ground and 
weeding the young crop, and artificially where necessary by sowing along the 
original fines. The value of a shade-bearer to mix with the sissoo lias been 
alluded To. The mulberry serves this purpose well, provided it is kept in check 
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by the necessary cleanings. Other species might be suggested, suoh as Xktgenia 
■Jitmbolann. Ouqetma dalbergioides, SrMeiehera Irijuga, and in moist places 
BMoffia javcmica. 

Tlic case ot natural riverain forests presents some difficulty, owing to 


obvious that as long as the land is likely to disappear through erosion it is 
not worth while undertaking special regenerative operations on it; Nature 
carries out these, herself by throwing up new land and producing new crops 
of sissoo in compensation for those destroyed. In such unstable lands the 
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nt ages and that the mixture of mulberry has an 
ield. 

112-13 give an abstract of a series of figures compiled 
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Approximate average out-turn, Changa Manga plantation, 1896-7 to 1916-16. 


Average out -turn jjor aero. Average < 



These figures cannot be accepted as in any way representative of pure 
sissoo out-turns, since the great majority of the coupes probably contained 
a larger proportion of mulberry than of sissoo. The figures for almost pure 
sissoo, in the last line, represent the average of only three compartments, 
aggregating 340 acres. 

2. Unirrigated {including sailaba) plantations. Some figures have been 
quoted above, in connexion with the development of seedlings and saplings, 
showing the rapid rate of growth attained by young plants even without any 
irrigation, provided that regular weeding and loosening of the soil is carried 
out; these figures show that a maximum height of nearly 14 ft. in three years 
has been attained under these conditions in line sowings at Dchra Dun. 

The following figures show the early growth of transplants in four experi¬ 
mental plantations formed at Dehra Dun in 1912 : 




Percentage of 
survivals at 




A sample plot measured in 1918 in a plantation forty-two years old in the 
Gorakhpur district, United Provinces, showed a mean girth of 4 ft. 7 iii., 
a mean height of 97 ft., and a timber volume of 1,800 cub. ft. standing and 
600 cub. ft. removed in thinning. 

, The following figures give the results of measurements of trees and crops 
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in the plantations of the Thapal Grant estate.. Saharanpur district, United 
Provinces, in 1907 : 

^ ^Number ° f Mean My™ 



As already mentioned, the out-turn from this plantation during the first 
rotation of fifteen years amounted to 230 cub. ft. stacked per acre per annum 
including brushwood, or 200 cub. ft. excluding it. 

The Jhelum sailaba plantations gave a girth of 4 ft. at thirty' years 
(Gamble). 

3. Natural crops. Statistics relating.to the rate of growth and out-turn 
of natural sissoo crops are as yet somewhat scanty. A commencement- was 
made by the Forest Research Institute in 1910-11 in the establishment of 
sample plots to be measured periodically, and these should in time furnish 
useful statistics. Estimates in working plans arc based on ring-countings ; 
it is true that the rings on stumps are at times tolerably clear, but they cannot 
always be relied on to give accurate results. The working plan of tBe Ganges 
(now Lansdowne) forest division, United Provinces, estimates a girth increment 
for alluvial sissoo on the Ganges islands of 1-7 in. per annum, giving a- girtli 
of 3 ft. in twenty-one years. The Dehra Dun working plan estimates that it 
will take 75 and 100 years to produce trees 41 and 6 ft. in girth respectively 
in the alluvial forests of the Dun. Mr. F. Gleadow (quoted by Gamble) 
reported measurements of nearly 900 trees in the natural forests of Oudh. 
which for an.average age of 151 years gave a mean girth of 35 in. and a mean 
height of 50 ft. 

The following statement shows the results of five years' growth in girtli 
and height in the case of three sample plots laid out by the Forest Research 
Institute in young alluvial crops on sand and shingle in a dry river bed at 
Dholkund in the Saharanpur Siwaliks, where the normal rainfall does not 
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it ascends to 3,700 ft. in the Akrani, mixed with teak, Ougeinia dalbergioidcs, 
. and Zizyphus Jujuba ; here it is usually a small tree owing to the unfavourable 
conditions of soil and climate. In Madras it occurs in main' districts, but 
perhaps reaches its best development on the western slopes of the Nilgiris 
up to 4,000 ft., and on the Anamalais up to 4,500 ft., in mixed deciduous 
forests associated with teak, Termimlia tomenlosa, T. pamcuhta, Lagerstroemia 
lancolata, Anogetssus latifoha, Xylia xylocarpa , and other trees, often with 
bamboos : it is most common in comparatively moist situations near streams. 
On the Anamalai slopes of South Coimbatore trees of very large dimensions, 
with a girth up to 20 ft. and a clear bole up to 70 ft., are sometimes found. 
It is also found in fair quantity and of large dimensions in North and South 
Malabar. Elsewhere in Madras it often occurs in drier types of forest, where 
it does not attain large dimensions. In Mysore it is found scattered in mixed 
deciduous forest. In Coorg it occurs chiefly in deciduous forest of the moister 
type up to 4,000 ft. elevation or even higher, attaining its largest size (sound 
trees up to 7 ft. girth and 100 ft. height) in moist localities in association with 
Banibusa arundinaaea. Bourdillon says it is widely distributed in Travancore 
between sea-level and 4,000 ft., though less common at the lower elevations 
and nowhere abundant; he says it is found in grass forest in company with 
teak, and sometimes in the drier parts associated with evergreen trees. 

In the Central Provinces it is fairly widely distributed in mixed deciduous 
forests, though nowhere very abundant : its most important companions are 
teak, Terminalia iomentosa, Lagerstroemia parviflora, Anogeissus latifolw. and 
Ougeinia dalbergioid.es. It attains its largest dimensions (5 to 6 ft. in girth) 
in Chanda, but trees over H ft. in girth are seldom sound. In Bihar and 
Orissa the tree is somewhat scattered and does not reach large dimensions ; 
in Chota Nagpur it is commonest on cool aspects and along streams (Haines). 
In the United Provinces it is sparsely scattered in the dry deciduous forests 
of Bundelkhand and adjacent tracts, and also along the sub-Himalayan belt 
in the Gonda and Babraich districts, chiefly in mixed deciduous forest, but 
sometimes in sal forest; here it reaches its northern limit, and is of small size. 

The blackwood grows on a variety,of geological formations, including 
gneiss, trap, laterite, boulder deposits, and alluvial formations, but it requires 
good drainage, and reaches its best development where the soil is deep and 
moist, particularly in the neighbourhood of perennial streams. It will grow 
fairly well on black cotton soil and also accommodates itself to poor dry 
stony soil, where, however, it docs not reach large dimensions. In its natural 
habitat the absolute maximum shade temperature varies from S5° to 118° F., 
the absolute minimum from 32° to 60° F., and the normal rainfall from 30 to 


, Leaf-shedding, flowering, and fruiting. In dry localities the leaves 
are shed about February-Mareh, the. new leaves appealing in April-May. In 
moister localities the’tree is seldom quite leafless. The flowering season is 
variously recorded. Brandis (northern and central India) savs April (with 
the new leaves) ; Bourdillon (Travancore) savs danuary-Fobruai'y ; Talbot 
says April-May (with the new leaves) in the, drier parts of Bombay, but adds 
that in moist localities (Kanara) it does not. flower regularly or abundantly, 
and as far as is known only in August ; Haines (Central Provinces and Chota 
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Nagpur) says September. when in full leaf, and Foulkes (Walayer working 
plan, South Malabar) gives the same month. It is possible that the variation 
in the recorded dates of flowering may be due to some confusion between the 
f-wo closely allied species, or varieties, D. lalifolia. and D. aiaaoidee. Mr. H. 
Tireman informs me that in Coorg the former flowers in September, the fruits 
ripening in March-April, while a variety, the latter presumably, flowers in 
March, the fruits ripening in June. 

The flowers are pure white, in lax panicles 2-4 in. long. The pods ripen 
from December to April, according to locality, and hang some time on the tree, 
the majority falling at the beginning of the monsoon, thus escaping damage 
from forest fires. The flat indehiscent pods (Fig. 133, a) are 1-5-3 in. long by 
0-5-0-75 in. broad, one- to three-, rarely four-seeded. The seeds (Fig. 133, b) 
are flat, reniform, 0-25-0-35 in. by 0-15-0-2 in., reddish brown, hard, smooth, 
shiny ; testa coriaceous, fairly hard, brittle when dry, thicker than in D. Siasoo. 
Records of seed-years show that it does not seed so regularly or abundantly 
as D. Sissoo. Tests carried out at Dehra Dun showed a high percentage of 
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(2) 7 ft., (3) 12 ft. 9 in., (4) 14 ft. 6 in. Seedlings grown in unwceded sowings 
showed much slower growth. As illustrating the beneficial effects of cultivation 
on the growth of young plants, Mr. H. Tireman gives the measurements of 
six trees six years old planted in a coffee estate in Coorg, and constantly 
cultivated with the coffee : these varied from 17 ft. 9 in. to 24 ft. 9 in. in height 
and from 7 to 11£ in. in girth. In the same locality seedlings four years old 
resulting from sowings in blanks and merely kept free from overhead shade, 
without cultivation, varied from 2 ft. to 2 ft. 9 in. in height. The seedling 
requires porous soil, developing poorly or dying off on stiff badly-drained 
ground. A long taproot is formed at an early age, and may attain a length 
of 2 ft. or more by the end of the first season. Growth ceases during December, 
January, and part of February ; the seedlings are leafless in January-Febrnary, 
the new leaves appearing in March. In early youth the seedlings are somewhat 
tender both to frost and to drought, but later they are more hardy. The light 
requirements of the seedling are rot so pronounced as in the case of Z>. Sissoo : 
partial shade from a hot sun in early youth protects and favours them, but 
overhead light greatly stimulates their development from the second year 
onwards. Fig. 132 shows a seedling five months old. 

Silvicultural characters. The blackwood stands a fair amount of 
shade, particularly in youth, but may be classed as a moderate light-demander, 
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boundary lines, and the like. Mr. 8. H. Koorders 1 describes the prolific 
growth of root-suckers in a plantation- formed in 1875-6 in the Banjumas 
district of Java on a low ridge on stiff reddish brown clay soil of poor quality, 
cracked in dry weather, with a hard pan of ironstone below the surface. The 
trees in sixteen years (1891) had reached a height of 49 to 72 ft. 2 Every tree 
-was surrounded with a thicket of suckers, the largest of which were 30 ft. 
high. One tree 50 ft. high and 1 ft. 11 in. in diameter at breast height was 
selected for the number of suckers produced, and dug up and found to have 
200 suckers up to 30 ft. high ; the largest had developed a perfect root-system 
of its own and was throwing out horizontal roots with the view of producing 
new suckers. For a poor locality of the.kind described the growth is so rapid 
as almost to give rise to a suspicion of a mistake either in the identity of the 
species or in the age of the plantation : the species, it is stated, was determined 
by Dr. J. G. Boer, Conservator of the Royal Herbarium at Leyden. 

Natural reproduction. Under natural conditions germination takes 
place in the early part of the rainy season. The various factors affecting the 
establishment of natural reproduction by seed require further study. So far 
as is shown by experiments carried out hitherto, the chief cause of mortality 
in the germinating stages and during the early development of the seedling 
after germination is drought in. situations exposed to a hot sun. Where the 
pods have been covered with earth, or are protected from the sun in open 
places by a moderate growth of grass or in the forest by shade which is not 
too dense, conditions for natural reproduction are usually favourable ; the 
most favourable conditions are hioderate shade with bare ground and loose 
fairly moist soil. For the subsequent development of natural saplings the 
best results are obtained by the plentiful admission of overhead light. Heavy 
bamboo cover is found to suppress the seedlings and prevent their develop¬ 
ment, while much mortality is caused by dense weed-growth. In the Madras 
Forest Report of 1915-16 it is stated that in East Kumool the cutting back 
of the bamboos to favour tree species resulted in a profuse mass of blackwood 
seedlings. In forests protected from fire and grazing natural reproduction is 
usually good under light shade, while it is sometimes abundant on'open grassy 
places and on ridges, though in such cases it is probable that much of the 
reproduction consists of root-suckers. 

Artificial reproduction. The tree can be propagated artificially from 
cuttings put in early in the rains, by planting root-suckers or sections of. 
lateral roots, or from seed by direct sowing or by transplanting from the 
nursery. Various experiments in sowing and planting have been recorded, 
and it has generally been found that in dry situations drought is the chief 
danger to be feared ; fairly good results have been obtained in some localities, 
particularly in the moist forests of Coorg, by sowing under partial shade in 
the forest on patches cleared and burnt. Sowing in kumris (shifting cultiva¬ 
tion) also gives much promise. This species would appear to be a suitable 
one for raising as an under-story in teak plantations provided the teak is 
sufficiently thinned out. 

Various experiments in the artificial propagation of blackwood have been 
carried out at Dehra Dun ; the results showed that direct sowing is preferable 
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to transplanting, as the mortality may be considerable if dry weather follows 
the transplanting. In either case it is unnecessary to extract the seeds from 
the pods, though it is advisable to break the pods into sections, each containing 

In order to raile plants for transplanting the seed should be sown in 
well-raised seed-beds of porous sandy loam in drills about 9 in. apart or in 
longitudinal lines about 18 in. apart, according as transplanting is to be done 
during the first or the second season. The sowing should be carried out in 
March or April, the beds being regularly watered and weeded and protected 
from the sun during the heat of the day. The seedlings may be planted out 
early in the first rains either with entire roots and stems or with stems pruned 
down to about 2 in. and taproots to about 6 in. The seedlings may be kept 
in the nursery till the early part of the second rains ; in this case they should 
be thinned out during the cold season, and before transplanting the stem 
should be pruned down to about 2 in. and the taproot to about 12 in. Trans¬ 
planting with pruned stem and roots has given better results than transplanting 
without pruning. Owing to the risk of mortality from drought it is always 
advisable where possible to water the transplants during dry weather for some 
time after planting. 

So far as direct sowings are concerned, the. great secret of success is regular 
weeding and ioosening of the soil; excellent results have been attained in this 
way at Debra Dun without any watering at all. In actual practice the best 
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Mr. L. 8. Osmaston 1 has described the results of experimental sowings 
of Dalberqia latifolia and other species in the Bombay Deccan, m a locality 
where the normal rainfall is slightly under 20 in. and the absolute maximum 
and minimum temperatures are 114° and 48° F. respectively. In dry localities 
of the kind, he found that the only successful method wasrby means of sowings 
in combination with field crops. The crops employed were sesamum, cotton, 
and the lesser hemp. The tree seed was sown with the agricultural sowing 
implements of the country. It was found more satisfactory to raise the 
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Brandis gives 5 to 9 rings per inch of radius, corresponding to a mean annual 
girth increment of 0-7 to 1-26 in. Some of Gamble’s specimens showed 8 rings 
per inch, or a mean annual girth increment of 0-78 in. He also quotes a state¬ 
ment by Mr. A. W. Lushington to the effect that 20 samples in Cochin territory 
on the Western Gifts gave an average of 3 rings per inch, indicating, as is 
natural, that the rate is faster in moist climates than in dry ones. A case of 
abnormally rapid growth in a plantation in Java has been referred to above, 
while figures of growth in youth have been given under ‘ the seedling ’. 

The following statement gives a summary of the results of ring-countings 
in the Ankola and Kalinaddi slopes forests of the North Kanara district, 
Bombay, 1 after converting to girth measurements, allowing ior bark thickness, 
and constructing average curves : 

Dalbergia latifolia : rate of growth in girth in high forests of the North Kanara 
district, Bombay. 



As regards coppice, measurements made in 1916 in the Saitba coppice 
coupes, Kolhan, Bihar and Orissa, on poor hilly ground, gave the following 
results : 

Dalbergia lalifolia : rate of growth of coppice, Saitba. 

Age. Mean height. Mean girth. Age. Mean height. Mean girth. 


3. Dalbergia sissoides, Grah. Malabar blackwood. Vcm. as for D. 
latifolia, viz. Tluothagalti, Tam.; Illi, Mai. 

A southern Indian tree very closely allied to D. latifolia, occurring in 
Malabar, the Palnis, Anamalais, Madura, Tinncvelly, Travancorc, and 
probably Coorg. It is a smaller tree than D. latifolia, with more numerous 
leaflets, and lighter coloured and less compact foliage : the young leaves of 
D. latifolia are dark green, while those of D. sissoides are pale green. Bour- 
dillon 2 says the wood is readily distinguishable; that of both species has 
a purple ground, but whereas that of D. latifolia is uniform in colour or veined 
with black or red lines, that of D. sissoides is much mixed with dark brown, 
■ Working Plans for the Ankola High Forest, Blocks xxiv and sore, 1908, anil the Kalinndd 
Slopes, Block xxvi, 1908-9, R. S. rearson. 

* Ind, Forester, xxxi (1905), p. 124. 
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or sub-opposite, subsequent leaves alternate, early leaves with 7. rarely 5, 
later leaves of first season with 9 leaflets. Stipules under 0-1 in. long, lanceo¬ 
late, acuminafe, tomentose. Racliis 0-9-2-6 in. long, finally tomentose. 
Leaflets with petiolules up to 0-1 in. long, opposite in first few leaves, after¬ 
wards opposite, sub-opposite or alternate, 0-4-1-3 in. by 0-2-0-5 ill., elliptical, 
or terminal leaflet sometimes obovate, apex acute or rounded, sometimes 
emarginate, mucronate, entire, bright green and glabrous above, paler and 
pubescent beneath, leaflets of earlier leaves smaller than those of later leaves, 
terminal leaflet often larger than lateral leaflets. 

Little is yet known regarding the habits of the seedling, except that 
according to experiments carried out at Dehra Dun it appears capable of 
standing moderate shade, and in this respect resembles D. latifoKa rather than 
D. Sissoo. 

.Silvicultural characters and reproduction. The silvicultural 
characters of this tree require further study, but as far as information goes at 
present they resemble in the main those of D. latifolia, which species D. cultrata 
also appears to resemble as regards the conditions necessary for successful 
reproduction, both natural and artificial. 

5. Dalbergia Olivcri, Gamble. Burma rosewood. Vern. Tamalan, tabard-, 

A moderate-sized to large deciduous tree, m general appearance not 
unlike the Burma padauk {Pterocarpvs macrocarpits), but the leaflets are 
considerably smaller. The bark is yellowish grey, much resembling that of 
padauk, but the blaze is greenish yellow, quickly turning brown, and no red 
juice is exuded as in the padauk. The largest tree I have measured, in the 
Katha district, Upper Burma, had a girth of 6 ft. 9 in., a total height of 80 ft., 
and a clear bole of 50 ft. The tree is apt to form a low crown. The heartwood 
is hard and close grained, usually a rich red colour, though, like the red Anda¬ 
man padauk, it is liable to fade if not polished. Good coloured pieces are very 
handsome, and are suitable for furniture and ornamental work. In parts of 
Upper Burma D. Oliveri is known as tamalan-m (red tamalan ) to distinguish 
it from tamatan-byu (white tamalan), which has been identified as D. Hemshyi, 
Prain, a tree with a strong superficial resemblance to it, but having a whitish 
wood of no value. The Burmans also distinguish iamalan-wa or yellow tamalan, 
but this has also been identified as D. Oliveri ; the distinction probably refers 
to some slight variation in the colour of the heartwood. 

Distribution and habitat. In Burma, from Pegu northwards, chiefly 
in Upper Burma. The tree is not gregarious, but is found scattered in mixed 
deciduous forests of a dry type, often associated with teak and bamboos. It 
grows usual!}’ on hilly ground in localities similar to those occupied by Ptcro- 
carpm macrocarpus. It also occurs in iiulaivg (dry dipterocarp) forest on 
laterife. It extends into the dry none of Upper Burma, for example in the 
southern part of the Mciktila district; here it docs not attain large dimen¬ 
sions. In its natural'habitat the absolute maximum shade temperature varies 
from 104° to 110° F., the absolute minimum from 40° to 45° F., and the normal 
rainfall from 35 to 80 in. 

Leaf-shedding, flowering, and fruiting. The tree is leafless in the 
early part of the hot season, the new leaves appearing in April. The panicles 
of white flowers appear with the new leaves. The pods (Fig. 135, a) ripen 
about February-Marcb. They are brown, flat. 3- 5 by 0 5-1 in.. 1- or 2-seedcd ; 





a maximum height of about 1 ft. hy the end of the first season and over 2 ft. 
by the end *f the second season. Transplanted seedlings, which were not 
watered after transplanting, attained a height of 7 to 11 ft. by the end of the 
fourth season, including the year of sowing. A fairly long taproot is formed. 
At Dehra Dun seedlings shed their leaves in January, and new growth com¬ 
mences about March. The seedlings were found to be much subject to insect- 
damage during and shortly after germination. They do not suffer so badly 
from frost as might be'expected in a species growing naturally in localities 
where frost is unknown. 

Silvicultural characters. So far as observations go at present, the 
silvicultural characters of this tree appear to resemble somewhat those, of 
D. Jatifolia, During youth it stands a fair amount of shade, hut requires 
overhead light for its best development. 

Natural KBPRoftucTlOK. Experiments at Delira Dun indicate that, like 
other species of Dalbergia, the conditions necessary for successful reproduction 
are bare ground, loose soil, and absence of weed-growth. Under natural con¬ 
ditions the seed germinates early in the rains. In the mixed forests of Upper 
Burma in which the tree occurs, natural reproduction has usually been found 
to be good, young trees appearing in fair quantity under light shade, very- 
much os in the case of D. latifolia in the Indian Peninsula. 
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the plumule appears, the young shoot arching to extricate itself, and then 

Thu seedling (Fig. 136). 

Roots : primary root long, thick, terete, tapering, woody, whitish or light 
yellowish brown : lateral roots numerous, fibrous, distributed down main root: 
nodules present, Hypocotyl distinct from root, 0-4-0-5 in. long, thick, fleshy, 
compressed, green, glabrous, subterranean. Cotyledons sessile, 0-8-0-9 in. by 
0-5 ill., thick, fleshy, reniform, green, outer surface rounded, slightly rugose, 
inner flattened in contact. Stem erect, first internode compressed, later inter- 
nodes terete, green, glabrous but young parts finely pubescent; internodes 
0-6-3 in. long. Leaves, first two or three often abortive ; normal leaves 
usually four or more simple, followed by trifoliate leaves till end of first 
season ; 5-foIiate leaves first produced in second season. Stipules 0-1 in. long, 
ovate falcate. Simple leaves with petiole 0-2-1-2 in. long, terete, glabrous ; 
lamina 1-5-3 in. by 0-5-2-5 in., ovate acuminate, base rounded or truncate, 
entire, glabrous or young leaves finely pubescent. Trifoliate leaves with 
common petiole up to 2-5 in. long in first season, leaflets with petiolules 0-15- 
0-2 in. long, ovate acuminate, entire, glabrous, terminal leaflet 2-5-3 5 in. by 
1-3—1 -8 in., lateral leaflets opposite, somewhat smaller than terminal leaflet. 

The growth of the seedling is fairly rapid. Nursery plants at Dehra Dun 
had a maximum height of 8 in. at the end of the first season and 4 ft. 8 in. at 
the end of the second season. A long stout taproot is developed at an early 
stage. Seedlings at Dehra Dun stand frost fairly well, the leaves being slight!}' 
touched but the stems being unaffected. 

Silwcultural chahacters. The tree is a shade-bearer, and may be 
found growing naturally along watercourses under the shade of other trees. 
It resists drought well, having remained unaffected by the severe drought of 
1899 and 1900 in the Indian Peninsula. It was badly damaged at Lahore in 
the abnormal frost- of 1905, but ordinarily it is moderately frost-hardy. The 
tree produces root-suckers. It is frequently pollarded in southern India to 
furnish green manure. As already mentioned, it is not exacting as to locality. 
It grows best, however, in fairly moist situations on porous well-drained soil, 
thriving even on pure sand ; it will grow on black cotton soil. ‘ , 

Artificial reproduction. The tree is easily raised from seed or from 
cuttings. The seed may be sown in the nursery when it ripens, about April 
or May, and the seedlings will be ready to transplant early in the rains of the 
next year ; in dry places the plants require to be watered regularly in dry 
weather for a few years. For forest purposes direct sowings in suitable localities 
would probably prove more successful than transplanting. In Coorg direct 
sowings have proved successful in the beds of streams, in which places it is 
a useful species to introduce. 

7. ROBINI4, Linn. 

ltobinia Pseudacacia, Linn. Robinia, false acacia, locust tree. 

A deciduous tree, with thick rough brown longitudinally furrowed bark 
and handsome pinnate-leaved foliage ; the young shoots are smooth, purplish 
brown, armed with stout triangular stipular spines in pairs, which persist for 
some years. In America it usually attains, a height of 40 to 60 ft. with a 
diameter of 1 to 1£ ft., while under the most favourable conditions it may 
reach a height of 80 ft. and a diameter of 3 ft. 1 In Europe it attains a height 
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The climatic conditions under which the tree will thrive in India ate as 
yet* insufficiently known. At Simla the absolute maximum and minimum 
shade temperatures arc respectively 94° and 19° F. The normal rainfall is 
63 in. at Simla and 57 in. at Maymyo. 

Leaf-shedding, flowering, and fruiting. In the Himalaya the leaves 
commence turning yellow and falling by leaflets in September. Some trees 
are leafless by the end of October : others are not entirely leafless until early 
December. The new leaves appear in the beginning of April, and by the end 
of that month the trees are in full leaf. The fragrant white flowers, in pendulous 
racemes, appear in April, at which time the trees, whose young foliage is well 
out, are particularly handsome, and are visited by numerous bees for the 
sake of the honey which they obtain fjjpm the flowers. The pods form rapidly, 
ripening at the end of August and during September. The pods (Himalayan) 
are 1-5 in. long by 0-35-0-7 in. broad, flat, brown and glabrous outside, silvery- 
white and shining inside, containing up to 16 seeds, which are 0-2 in. long, 
compressed, reniform, dark brown, firmly attached to the pod valves by 
funicles about 0-1 in. long. Some pods commence to dehisce shortly after 
ripening, but dehiscence continues tardily for three or four months, being 
favoured by dry weather. The pods fall at various times throughout the 
winter and the following hot season, particularly during strong winds and 
storms, which blow them to some distance from the tree ; the majority of the 
pods remain on the trees throughout the greater part of the winter, and some 
remain hanging as late as the following June. 

The tree produces flowers and fruits at an early age, plants three years 
old having been observed to produce them in the Simla hills ; small root- 
suckers may often be found in flower and fruit. 

In places with a heavy monsoon rainfall it has difficulty in ripening its 

Silvicultural characters. In its native home and in Europe the 
robinia is a strong light-demander : the same applies in the Himalaya, where, 
however, on southern slopes trees may be found persisting under light shade, 
though their development is impeded. In England it is liable to be broken 
by wind, and also suffers considerably from late and early frosts ; in France 
it appears to be better able to withstand frost, the young shoots becoming 
sufficiently lignified before the early frqsts set in. In the Himalaya no serious 
frost damage has been noticed in the case of established trees, for although 
early frosts shrivel up those leaves which remain late on the trees, no real 
damage is done : seedlings, however, are somewhat sensitive during the first 
year, a,fter which they are wonderfully hardy. At the higher elevations the 
tree is apt to suffer from snow-break. In France the robinia resists drought 
well, and has been found to he olfe of the most hardy species in hot dry summers. 
In the Himalaya it also resists drought well at elevations over 4,000-5,000 ft. ; 
at low elevations on hot dry slopes the seedlings die of drought, surviving 
only in sheltered and comparatively moist situations. The robinia coppices 
freely and produces root-suckers in great abundance from its superficial roots, 
which often attain considerable length : the root-suckers are formed at an 
early age, plants three years old having been observed to produce them in the 
Simla hills. - - 

Natural reproduction. In America the pods are retained on the trees 
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,well in to file winter, and are carried long distances by the strong winter winds, 
and abundant reproduction often springs up on old fields or forest lands which 
' have been burnt or cut over, resulting in many cases in pure crops : the 
robinia also propagates itself freely by means of root-suckers and stool-shoots, 
young crops killed by fire being resuscitated in this way. In France natural 
reproduction by seed takes place freely only on the loosest, soils, as on sand- 
dunes. Wherever the tree has been introduced outside its natural home it 
exhibits its tendency to spread by means of root-suckers. 

In the Himalaya the tree preserves its original characteristic of retaining 
its pods well into the winter, but strong winter winds do not occur regularly 
as in America, and the seed is not distributed to great distances. In this 
region seedling reproduction has not been observed, but the tree reproduces 
with great freedom by root-suckers, which often form regular thickets on the 
hill-sides : in nurseries, also, the portions of root left in the ground when the 
young plants are removed send up plentiful crops of vigorous shoots. 

Autifioial reproduction. The tree may be propagated by seed or by 
root-cuttings ; stem-cuttings planted in the rains are moderately successful, 
but cannot always be relied on. In Europe numerous cultivated varieties and 
some hybrids have been produced ; some of these are successfully propagated 
by cuttings, but grafting is usually resorted to. In America it is customary 
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